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PREFACE

This document, Volume XXXTX of the Qualification Test Report,
Vibration and Mission Simulation Testing on Engine 828, XF107-WR-

] 400 Cruise Missile Engine, 1s one of several reports that will be 3

{ submitted under CDRL 95, Contract N00019-78-C-0206, describing the ;
E results of the Qualification Tests. Volumes I through XV will E
b cover the Phase 1 engine qualification. EMI/EMC and Nonoperating

Shockloads, both for the F107-WR-400 engine, will be covered 1in i 1
Volumes XVI and XVII. Component Qualification Tests will be discus-
sed 1n Volumes XVIII through XXVI. Structural Qualification re-
sults will be presented in Volumes XXVII through XXX. Volumes XXXI
w through XL will present results of the Phase 1II engine
qualification.
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SECTION 1

INTRODUCTION

1.1 PURPOSE OF TEST

Engine 828 was tested at Bendix Aerospace Systems Divislion - Ann
Arbor, Michigan, as Engine 828/build 4 and at the Arnold Engineer-
ing Development Center (AEDC), Tullahoma, Tennessee, as Engine
828/build 6. The tests were performed to demonstrate F107-WR-400
engine compliance with environmental vibration and mission simula-
tion requirements as specified in the Prime Item Development (PID)
Specification 24235WR9501B and the Qualification Test Plan (QTP),
CMEP 91-4043G, Report No. 78-145-8.

1.2 DESCRIPTION OF TEST ENGINE

Engine 828/builds 4 and 6 was an XF107-WR-400 engine, assembled in
accordance with Top Assembly Drawing and Parts List 1029110-108.

1.3 DISPOSITION OF TEST ENGINE

After completion of the planned testing at AEDC, Engine 828/build 6
was returned to WRC, where a post-test teardown and inspection was
performed. The engine has since been moved into bonded storage at
WRC, Walled Lake.

1.4 SUMMARY

1.4.1 Prequalification Testing At WRC

Engine 828 did not exhibit any significant operational irregulari-
ties on either build 4 prior to shipment to Bendix Aerospace Sys-
tems or on build 6 before reshipment to AEDC.

As shipped to Bendix Aerospace Systems for environmental vibration
testing, conditionally approved discrepancies against the engine
included the incorporation of an unapproved ECR dealing with the
modified No. 4 carbon seal shield, the incorrect routing of the
fuel control unit temperature sensor lead, the use of an unapproved
sealant and an unapproved adhesive 1internal to the engine, and the
installation of a P/N 36240 fuel control unit prior to Government

approval.

After the replacement and testing at WRC of hot section hardware
damaged during the initial attempt to conduct the hot-day mission
simulation test at AEDC, the engine was returned to AEDC on build 6
with conditionally approved discrepancies. These discrepancies
included sealants and adhesives internal to the engine, the use of
a P/N 36240 fuel control unit, and the use of a P/N 34733 hot gas

tube collar.

1-1
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1.4.2 Qualification Testing At Bendix Aerospace

Engine 828/build 4 was vibration tested at Bendix Aerospace Sys-
tems - Ann Arbor, on 14 and 15 January 1980. The testing consisted
of two components, 30 minutes of random frequency vibrations along
each of the principle engine axes, and sinusoidal vibratory sweeps
for 30 minutes at constant input 1levels along the lateral and
vertical axes. No significant hardware irregularities were noted
during or after the testing.

1.4.3 Qualification Testing At AEDC

The 1initial attempt to conduct the mission simulation tests on
Engine 828/build 4 at AEDC was curtailed on 25 February 1980 when
an increase in measured EGT and an engine speed rematch were noted
(reference Report DAL 8012).

Mission simulation testing at AEDC recommenced on 2 April 1980, the
engine having been returned, after repairs, as Engine 828/build 6.
Only one incident of any significance occured during the hot and
cold day mission cycles, that being the failure of the fuel control
unit early in the hot day cycle. The failed unit was replaced, the
test sequence was restarted and run through completion as scheduled
on 16 April 1980.

1.4.4 Post Mission Simulation Testing Teardown Inspection

Following the return of Engine 828 to WRC, a thorough teardown
inspection, conducted on 23 and 24 April 1980, revealed no compon-
ent failures or indications of impending component failures.

1.5 RECOMMENDATION

It is recommended that the testing completed with Engine 828 be
accepted as evidence that the F107-WR-400 engine meets or exceeds
the requirements for environmental vibration exposure and mission
simulation testing as set forth in the PID Specification, 24235WR-
9501A, and the Qualification Test Plan, CMEP 91-4043G, Report No.
78-145-8.

X
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SECTION 2

PREQUALIFICATION TESTING AT WRC

2.1 SUMMARY

Engine 828 required four builds prior to shipment, on 2 January
1980, to Bendix Aerospace Systems - Ann Arbor to commence qualifi-~
cation testing. The initial "green run" of the engine was perform-
ed on build 1. Build 2 involved a penalty run to evaluate the
combustor temperature profile which had been modified following
build 1. The combustor was replaced on build 3. Build 4 involved
the final testing of the engine prior to shipment.

The engine was returned to WRC on 27 February for investigation
into the cause of a sharp increase in measured EGT noted during the
initial attempt to conduct the hot day mission simulation test at
AEDC. Several engine components were observed to have sustained
heat damage. The fuel slinger and the combustor/first nozzle
assembly were replaced and the engine reassembled to prepare for
retesting and reshipment to AEDC. Testing on build 5 included an
EGT survey on the new combustor and disassembly for inspection of
the new parts. The final run prior to reshipment was performed on
build 6. The engine was reshipped to AEDC on 25 March 1980 to
recommence the mission simulation tests.

2.2 PROCEDURES

2.2.1 Test Article Description

2.2.1.1 Physical Configuration

Engine 828 was an XF107-WR-400 engine assembled in accordance with
Top Assembly Drawing and Parts List 1029110-108.

The engine was delivered on build 4 with discrepancies as noted on
Inspection Rejection Report (IRR) 92153. IRR 92153, shown 1in
Figure 2-1, notes the incorporation of an unapproved ECR dealing
with the modified No. 4 carbon seal shield, the incorrect routing
of the fuel control unit temperature sensor lead, the use of an
unapproved sealant when the accessory drive bearings were installed
and an unapproved adhesive when the No. 5 carbon seal was installed
and the 1installation of a P/N 36240 fuel control unit prior to
Government approval. These discrepancies, conditionally approved
by letter from the Administrative Contracting Officer (Figure 2-2),
were applicable to the engine both as shipped to Bendix Aerospace-~
Ann Arbor for vibration testing and as shipped to AEDC for the
1nitial attempt to conduct the mission simulation tests.

2-1
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_ The engine was returned to AEDC on build 6 with conditionally

£ approved discrepancies which included the sealant and adhesive

b used during the installation of the No. 5 carbon seal and the
accessory drive bearings, the use of a P/N 36240 fuel control

unit, and the use of a P/N 34733 hot gas tube collar. These :
discrepancies are listed in IRR 94579 (Figure 2-3) and were also

4 conditionally approved by letter from the Administrative Contract-

£ ing Officer (Figure 2-4).

2.2.1.2 Functional Description

L Engine 828/build 6, as shipped to AEDC for mission simulation
2 testing, had the following functional parts measurements and
major components identification:

e Tailpipe Area: 31.85 in®

e First Nozzle: S/N WL-1014, A_, = 3.155 in®, Q = 1.681

e Second Nozzle: S/N WL-101, A ¢ = 7.766 in?
Third Nozzle: S/N GDB-69, A_c = 12.186

e Fuel Control Unit: S/N RF-1443446 (Later replaced at AEDC
by fuel control unit S/N 1443454).

e Oil Pump: §S/N HCB-294

L ol ol ol WA T e Al K e
®

e Gearbox: S/N B-42

e Ignition Generator/Exciter: S/N BX00175

Englne weight, as shipped to Bendix Aerospace for vibration
testing on build 4, was 142.5 1lbf with a fully serviced lubrication
system and re51dua1 fuel, but with no airframe generator installed.
The specification weight for an F107-WR-400 airframe generator,
as installed during the vibration testing, is 16.5 1lbf.

-
-
-3
3
i

Engine weight, as shipped to AEDC on build 6, was 140.9 1lbf with
a fully serviced lubrication system and res1dual fuel but without
an airframe generator installed.

The apparent discrepancy in engine shipping weights 1is largely
due to the fitting of both an expended engine starting cartridge
and oxygen bottle for the vibration testing and their absence

when the engine was shipped to AEDC.

Engine run time at WRC prior to shipment as Engine 828/build 4
was 6.62 hours with 21 starts. Engine run time at WRC on builds
. 5 and 6 was 4.65 hours with 14 starts. Accumulated run time at
WRC and AEDC, prior to shipment back to AEDC to re-attempt the
mission simulation testing, was 19.16 hours with 38 starts
including one cartridge-initiated start.

2-2
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Engine performance instrumentation, detailed in Run Program QT-21,
included three HP compressor discharge temperature (CDT) thermo-
couples, three LP turbine discharge temperature thermocouples
(electrically coupled to produce an average temperature output),
three bypass mixing plane temperature thermocouples, and three
additional LP turbine discharge temperature thermocouples providing
individual temperature outputs. Data from this instrumentation is
used to compute TIT. Additionally, IP bleed airflow pressure and
temperature measurement instrumentation was installed on the
engine.

2.2.2 Test Facility

Engine 828 completed the final runs prior to shipment on both build
4 and 6 in test cell B-4 at WRC. This test cell is described in
paragraph 3.3.3 and Appendix A of the Acceptance Test Procedure

for YF107 Turbofan Engines, Revision A, CMEP 92-1022 (Report No.

78-183). Run Program QT-21 is presented in Appendix B of this
document.

2.2.3 Test Procedures

The tests conducted at WRC were performed in accordance with the
requirements of the PID Specification (24235WR9501B), the QTP, and
Run Program QT-21.

2.3 RECORD OF TESTING AT WRC

Final testing at WRC, prior to shipment to the qualification test
facilities, was performed on two separate occasions. The first
final test sequence was performed prior to the inital shipment to
Bendix Aerospace on build 4. The second final test sequence occur-
red before reshipment to AEDC as build 6.

2.3.1 Record of Testing on Build 4 Prior to Shipment

Engine 828/build 4 was installed in Test Cell B-4 on 14 December
1979 for the final run prior to shipment to Bendix Aerospace - Ann
Arbor. Engine monitoring instrumentation was attached, the lubrica-
tion system was serviced with 750 ml of MIL-L-23699 o0il (Exxon
batch 219) and the fuel system was purged with RJ-4 fuel. The

engine was then airmotored to verify instrumentation and oil pres-
sure response.

The engine was started to conduct the planned five-minute leak
check run (1.2 seconds to light, 6.6 seconds to idle). No fluid
leakage was noted after completion of the run and 300 ml of MIL-L-
23699 o0il (Exxon batch 219) were added to the engine o0il reservoir.

PPyt S R
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The engine was started to perform the scheduled six-point power
calibration used to determine the maximum governed HP spool speed
trim point (1.4 seconds to light, 6.4 seconds to idle). After
completion of the calibration run, the o0il was drained, weighed
(923.7 grams with pan) and returned to the engine. The fuel con-
trol unit trim adjustment motor was 1installed at that time in
preparation for the maximum governed HP spool speed adjustment.

The engine was restarted (1.5 seconds to 1light, 6.7 seconds to
idle) and accelerated to a PLA setting of +3.65 Vdc. The fuel
control unit was trimmed, at that setting, to a maximum governed HP
spool speed of 63,000 rpm with a calculated TIT of 1795°F. After
completion of the speed adjustment, the setting device was removed.

The engine was then started (1.4 seconds to light, 6.4 seconds to
idle) and accelerated to the maximum PLA setting to verify the
maximum trimmed HP spool speed adjustment. The trimmed HP spool
speed was acceptable at 63,000 rpm.

wWithout any further interruption, the engine was subjected to the
slow transient run, the performance calibration and the fast trans-
ient run as specified in the final run planning. The engine was
then shut down and the o0il was drained and weighed (892.2 grams
including the drain pan). 0il consumption was calculated to have
been 0.007 gal/hr.

After reservicing of the o0il system with 765.6 grams of new MIL-L-
23699 oil (Exxon batch 219), the engine was started (1.3 seconds to
light, 6.3 seconds to idle) and a 30-minute oil consumption run was
performed. Post-engine shutdown o0il weight was 748.5 grams with
0il consumption calculated to have been 0.009 gal/hr.

The engine was reserviced with 750 ml of new MIL-L-23699 o0il and a
final five-minute leak check run conducted. A post-run inspection
revealed no fluid leakage. The engine was removed from the test
cell on 14 December 1979 and prepared for shipment to Bendix Aero-
space to conduct qualification vibration testing.

2.3.2 Record of Testing on Build 6 Prior to Shipment

The initial attempt to conduct the hot and cold day mission simula-
tion tests at AEDC was aborted on 25 February 1980, when a change
in engine spool speed match, coupled with an increase in measured
EGT, was noted. A subsequent teardown investigation at WRC re-
vealed two burned first nozzle vanes.

The engine was reassembled after replacement of the fuel slinger
and the combustor/first nozzle assembly. Subsequent to a perform-
ance calibration and teardown to evaluate the newly installed
combustor on build 5, the engine was assembled on build 6 to con-
duct the final pre-qualification acceptance testing.
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k Engine 828/build 6 was installed in test cell B-4 on 24 March 1980.
: Engine monitoring instrumentation was attached, the 1lubrication
] system was serviced with 750 ml of MIL-L-23699 o0il (Exxon batch

] 219) and the fuel system was purged with RJ-4 fuel. The engine was
then airmotored to verify instrumentation and o0il pressure

3 response.

- The engine was 1nitially started to conduct a five-minute leak

- check run (2.5 seconds to light, 7.6 seconds to idle) at 1idle
speed. Several external o1l leaks were noted and repairs were

g
§
i

attempted after shutdown. The engine was then serviced with an
additional 200 ml of MIL-L-23699 oil (Exxon batch 219).

The engine was restarted (1.4 seconds to light, 7.2 seconds to
1dle) and accelerated to an HP spool speed of 60,000 rpm for an
additional leak check run. Some additional fluid leakage was
observed and repairs were undertaken again.

The engine was started to perform the scheduled six-point power
calibration used to determine the maximum governed HP spool speed
trim point (1.4 seconds to light, 7.0 seconds to idle). After
completion of the calibration run, the o0il was drained, weighed
(889.8 grams with pan) and returned to the engine. The fuel con-
trol unit trim adjustment motor was installed at that time 1in
preparation for the maximum governed HP spool speed adjustment.

The engine was restarted (1.3 seconds to light, 7.0 seconds to
idle) and accelerated to a PLA setting of +3.65 Vdc. The fuel
control unit was trimmed, at that setting, to a maximum governed HP
spool speed of 62,840 rpm. Following shutdown, the adjustment
motor was removed.

The engine was restarted to check the adjusted maximum HP spool
speed (1.5 seconds to light, 7.2 seconds to idle). At a PLA set-
ting of +3.65 Vdc the maximum trimmed HP spool speed was noted to
be acceptable at 62,850 rpm. The engine was then returned to idle
and shutdown.

s, I DT

The engine was restarted, taking 1.3 seconds to light and 6.8
seconds to attain idle. The slow transient, the performance cali-
bration, and the fast transient runs were completed according to
the final run planning, after which the engine was returned to
1dle, shutdown and the o0il drained. O0il consumption during the
engine trimming procedure and the final run was calculated to have
been 0.013 gal/hr. No external fluid leakage was noted after shut
down.

The engine was reserviced with new MIL-L-23699 o0il, (Exxon batch
219, 725.3 grams including pan). The engine was then restarted
(1.4 seconds to light, 6.8 seconds to idle) to conduct the schedu-
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led 30-minute 0il consumption run. At the completion of this test,
the o0il was drained, weighed (685.9 grams including drain pan) and
0il consumption was calculated to have been 0.021 gal/hr. The
engine was then reserviced with 750 ml of MIL-~L-23699 oil (Exxon
batch 219).

y APy &

Performance levels at AEDC often exceed those observed at WRC.
Therefore, it was determined that it would be advantageous to trim
the engine to a point that would yield only 100 percent of the
minimum specification thrust, rather than a wvalue slightly in
excess of the specification minimum, as has been the habit with the
Phase II Qualification Test engines. This limitation was initiated
to prevent the recurrence of exessive TIT values during the hot day
mission cycle testing at AEDC.

oy

The fuel control unit trim adjustment motor was reinstalled and the
engine restarted (1.6 seconds to light, 7.2 seconds to idle). At a
PLA setting of +3.65 Vdc, the fuel control unit was trimmed to
yield an HP spool speed of 62,600 rpm at a calculated TIT of
1805°F. The engine was then shut down and the trimming motor was
removed.

The engine was restarted (1.4 seconds to light, 7.4 seconds to
idle) and accelerated to a PLA setting of +3.65 Vdc to check the
trimmed HP spool speed. Maximum HP spool speed, as trimmed, was
acceptable at 62,610 rpm. This setting produced a maximum thrust
value equal to the specification value.

After shutdown the oil reservoir was "topped off" with 100 ml of
new MIL-L-23699 o0il (Exxon batch 219). The engine was then removed
from the test cell and prepared for shipment to AEDC to recommence
the scheduled hot and cold day mission simulation testing.

2.4 ANALYSIS OF ENGINE PERFORMANCE AS SHIPPED TO AEDC ON BUILD 6

Engine performance during the prequalification acceptance run is
summarized and compared to the specification limits for sea level, 1
static, standard day conditions in Table 2-I. Figures 2-5 through
2-15 present basic engine performance data obtained during the
prequalification testing at WRC in detailed comparison with the
specification requirements. Figure 2-16 presents the EGT profile
and Figure 2-17 reproduces the correlation curve, used in computing
TIT, of the average of the three flight EGT thermocouples and the
average of the 72-element EGT thermocouple rake during the prequali-
fication testing at WRC. Figures 2-16 and 2-17 present data from
build 5, as specialized instrumentation required to obtain the data
presented there is not installed for the prequalification accept-
ance test. In absence of contrary indications, these parameters
are assumed to have the same values for build 6.
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2.4.1 01l Consumption

011 consumption, measured during the 30-minute final o0il consump-
tion run at WRC, was calculated to have been 0.021 gal/hr. The
weight of the o0il consumed was 39.4 grams at a density of 0.989
gm/ml .

2.4.2 Performance Assessment

Engine 828/build 6, as fitted with a 31.85 in? jet nozzle, was
trimmed at WRC to an HP spool speed of 62,610 rpm at a PLA setting
of +3.65 Vdc. Thrust, as trimmed, was measured to be 640 1lbf with
a calculated maximum turbine inlet temperature (TIT) of 1805°F and
an EGT of 1020°F at the maximum PLA setting. Specific Fuel consump-
tion was 3.36 percent below the specification maximum value at the
maximum continuous thrust rating. SFC at 90 percent and 75 percent
maximum continucus thrust ratings was below the specification
maximum limits by 2.69 and 1.62 percent, respectively. Table 2-1
demonstrates that all critical performance parameters remained
within limits.

2.5 CONCLUSIONS

Engine 828/build 4, at the conclusion of the final testing at WKC,
was consldered acceptable to conduct vibration testing at Bendix
Aerospace-Ann Arbor and mission simulation testing at AEDC. Follow-
ing the replacement of hardware damaged during the initial mission
simulation test attempt, the engine was rerun through the final
testing at WRC and deemed acceptable to recommence the hot and cold
day mission simulation tests.
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t TABLE 2-I. ENGINE 828/BUILD 6, PERFORMANCE SUMMARY

4 ENGINE MODEL XF107 - WR-400

DATA CORRECTED TO SEA LEVEL, STATIC, STANDARD DAY CONDITIONS

g INDICATE
1 IF
DEVIANT
I. AT TRIM SPEED OR 3.65 VDC TO FUEL CONTROL ACTUATOR
Thrust Fn/6 (100% FM min - INDICATE % FM)! 100.8
: HP Speed N,/J6 (63200 rpm max) 62610
1 LP Speed N,/J8 (34755 rpm max) 33400
4 EGT EGT/6 (1130°F max) 1020°F
TIT/6 (1925°F) 1805°F
I11. At Fn/6 = Fm
EGT EGT/8 (1130°F max) 1010°F
SFC SFC/6°687 (100% SFCM max - INDICATE % SFCM) -3.36
Airflow WJy6/6 (14.0 lbm/sec max) 13.50
(13.19 1bm/sec min)
HP Speed N,/J6 (63200 rpm max) 62400
LP Speed N,/J6 (34755 rpm max) 33200

(31445 rpm min)

I11. At Fn/d6 = 90% Fm 4

EGT EGT/6 (1060°F max) 985°F
SFC SFC/6°%7 (97.4% SFCM max - INDICATE % SFCM) -2.69 1
Airflow Wy8/6 (13.39 lbm/sec max) 12.95 j
(12.61 lbm/sec min)
HP Speed N,/J8 (62883 rpm max) 61300
(60417 rpm min)
LP Speed N,/y® (33180 rpm max) 31800

(30020 rpm min)

IV. At Fn/6 = 75% Fm k

EGT EGT/® (960°F max) 940°F ]
SFC SFC/9°67 (94.1 % SFCM max - INDICATE % SFCM ~1.62
Airflow Wy8/6 (12.46 lbm/sec max) 12.00

(11.74 1lbm/sec min)
HP Speed N,/J8® (60894 rpm max) 59500

(58530 rpm min) ]
LP Speed N,/J8& (31080 rpm max) 29800 ;

(28120 rpm min)

! FM is minimum thrust at the maximum continuous rating at sea level
static as specified in Table 1 of PIO Spec 24235WR9501A SCN 010 dated
17 October 1978.

2 SFCM is maximum SFC at condition 1.
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DCRO-GTCA/WR (J. Boedecker/Fxt 352/1imf) 19 Dec 1979

SUBJECT: Shipping Authorization, Engine S/N 828, Contract N00019-78-C~0206

Mr. Duve Cooper

QMEP Contract Administration
| Williams Resecarch Corporation
. 2280 W. Maple Road

J Walled Lake, MI 48088

¥

Dear Mr. Cooper:

You are hereby authorized to ship mupject cngine via air shiprent on a
DD Form 1149 to AEDC, Tullzhoma, Tennessce.

aet °

A

It 1s noted that this enginae deviates from apecification and QT Tent Plan
requirements as documented on IRR 92153, This authorization Is granted
notwithstanding the deviant condition to provide for further testing of
this engine. .

This letter should not be construed as walving any specification of OT
requirements or any other Government rights established by the contract.
The only purpose of this letter is to acknowlelge the above cited de-
viations and to provide shippiung authorization. This authorization i3

granted for the sole convenience of the contractor. 1

This letter may be used to close the atove refercnce! IR per your in-
termal regquriements.

( \\\

3 JOnN A, APPiIH

Administrazive Contracting Officer
NCAS-\P Residency

c¢c: DCRO-GTQF/WR (C.C. Davis, Jr.)
JCM-285 (itajor Rice)
ASD/YZ2107 (Col. Goetr)
WRC (L. Schecn)

v

A vt sl

_ Figure 2-2. Administrative Contracting Office (ACO) Letter
! Permitting Shipment of Engine 828/Build 4 to Bendix
Aerospace and AEDC
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Figure 2-4. Administrative Contracting Office (ACO) Letter Permitt-
ing Shipment of Engine 828/Build 6 to AEDC

DCRO-GTWC (J. Boedecke./Ext 1352/imf) 25 Mar 198v

SUBJECT: Shipping Authorization, Engiune S/N 823, Contract NC0019-78-C-0206

Mr. Dave Cooper

OMET Contract Administrator
Williams Research Corporation
2280 W, Maple Road

Walled Lake, MI 4B08E

ORI shers

Dear !r. Coouper:

You are hereby authorized to ship subject evnpgire via ir shitpment on o
Db Form 1149 to AEDC, Tullahona, Tcunussce,

It 1is noted that this engiune deviates {rom epecificatjcn and QT Test Tlen
requirements as documented on IRR 94579. This suthorirzation is granted
notwithstanding the deviant condition to provide ‘~r further testing of
this eagine.

This letter should not be censtruad as waiving any specification of QT
requirements or any other Government rights establishcd by the comtractor.
The only purpose of this letter i{s to acknowledge the above cited
deviations and to provide shipping authorization. This authorization is
grauted for the sole convenience of the contractor.

This letter may be uscd to close the abova referenced IRK per your
internal requirements.

Sincerely,

JOEN A, APPLIN
Adminictrative Coutracting Officer
DCAS -W2C Resideucy

e¢¢:  DCRO-GIWG (C.C. DAVIS, ur.)
JC4-285 (itajor Lic-)
ASD/YZ2107 (Tol. Coct.)
vi.¢ (L. Scheen)
DCRO-LTWP (P. Junik)
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Figure 2-16. Engine 828/Build 5, Exhaust Gas Temperature (EGT) Pro-
file
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SECTION 3

QUALIFICATION TEST FACILITY RESULTS

3.1 SUMMARY

Engine 828/build 4 arrived at Bendix Aerospace Systems Division,
Ann Arbor, Michigan, on 14 January, 1980, and testing was under-
taken that day. The testing consisted of two components, 30 min-
utes of random vibrations along each of the principal engine axes
and sinusoidal vibratory sweeps at constant input levels to identi-
fy resonant frequencies along the lateral and vertical engine axes,
with the engine being excited for thirty minutes at each of the
frequencies 1identified. No abnormalities occurred during this
phase of the qualification testing.

Engine 828/build 4 arrived at AEDC on 21 January, 1980. Installa-
tion into Test Cell T-5 was completed on 19 February, the delay
being caused by the completion of qualification testing with Engine
402. Testing was undertaken on 20 February. All required check

- runs and engine calibrations were completed without incident.

Shortly after undertaking the hot day mission simulation test,
erratic EGT indications, coupled with a brief engine calibration,
led to termination of the testing. The engine was returned to WRC,
disassembled, and damaged engine hardware replaced (Ref. Report DAL
8012).

With no repetition of the engine vibration testing, the engine, now
designated Engine 828/build 6, was returned to AEDC. The calibra-
tion and check runs were repeated.

Early 1n the second attempt to conduct the hot day mission simula-
tion test, the fuel control unit ceased to respond to changes in
PLA command voltage. A replacement fuel control unit was located,
exposed to the engine vibration testing regimen, and installed on
the engine. All testing scheduled at AEDC was completed on 16
April, 1980, and the engine returned to WRC.

A post-testing teardown and dimensional inspection revealed no
hardware failures or signs of impending hardware failures which
could have jeopardized successful mission completion.

3.2 PROCEDURES

QT 8T ONEW T WM TS e T TR
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3.2.1 Test Article Description

Engine 828/build 4 was vibration tested at Bendix Aerospace-Ann
Arbcr in its as-shipped configuration. Initially, the engine was
installed into Test Cell T-5 at AEDC in that same conflguratlon
Following the abortion of the first attempt to conduct the mission
simulation testlng, and a subsequent rebuild at WRC (ref. paragraph
2.3.2.), the engine was reinstalled into Test Cell T-5 at AEDC 1in
its as-shipped condition. During that second phase of englne
testing, the only hardware change, other than those authorized in
paragraph 3.2.4.8 of the Qualification Test Plan (CMEP 91-4043G),
was the replacement of the failed fuel control.

3.2.2 Test Facilities

Engine 828/build 4 and the replacement fuel control unit for build
6 were vibration tested at Bendix Aerospace-Ann Arbor, Michigan.
Details on the Bendix facility are included in Appendix F of the
Qualification Test Plan. Photographs of a typlcal F107 engine
installation at the Bendix facility are displayed in Figures 3-36
through 3-38.

Englne 828/builds 4 and 6 were tested at AEDC, Tullahoma, Tennesee,
in Test Cell T-5. A detailed description of the test facility at
AEDC is contained in Appendix D of the Qualification Test Plan. A
typ1ca1 F107 engine installation in Test Cell T-5 at AEDC is shown
in Figures 3-39 through 3-41.

3.2.3 Test Procedures

The vibration and mission simulation tests, as well as assoclated
check runs, instrumentation runs, and calibrations runs, were
performed in compliance with the Quallflcatlon Test Plan and Run
Program QT21. Run program QT21 and its addenda are presented in
Appendix B of this text.

3.3 RECORD OF TEST

3.3.1 Record of Vibration Testing at Bendix Aerospace-Ann Arbor

Engine 828/build 4 was initially shipped to Bendix Aerospace-Ann
Arbor on 4 January, 1980, to conduct vibration testing for the
F107-WR-400 engine in accordance with the PID Specification and the
QTP. The testing proceeded without major incidents and was complet-
ed on 7 January 1980. After the engine had been returned to WRC,
it was discovered that no airframe generator had been mounted on
the engine during the vibration testing. This omission required a
repetition of the vibration testing.
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Engine 828 was received at Bendix Aerospace-Ann Arbor for the
second test series on 14 January 1980 and began testing on the
same day. All scheduled testing was completed at ambient
temperatures.

A discrepancy exists between the axis labelling conventions used
by Bendix Aerospace Systems and WRC. The Bendix convention
labels the longitudinal axis "X" with positive direction extending
out through the engine inlet, the lateral axis "Y" with positive
direction extending out to engine starboard (when viewed from aft
looking forward), and the vertical axis "2" with positive direction
down. The WRC convention for the Convair engine, is dictated by
triaxial accelerometer mounting position, with labelling of the
longitudinal axis "X", the lateral axis "Z" and the vertical axis
"Y', having positive sense in the same direction as the Bendix
convention, except that the positive vertical direction is up.
This discrepancy results in different labelling of vibration data
obtained at Bendix Aerospace and at AEDC.

Initially, a sinusoidal vibration sweep was performed on the
engine lateral (Z) axis to identify resonant frequencies. These
frequencies were identified to be 77 Hz, 90 Hz and 100 Hz. The
lateral axis was subjected to a vibration input at a level of
2g's for a 30-minute period at each of the above frequencies.
This was followed by a one-half hour random frequency excitation
on the same axis in compliance with the F107-WR-400 spectrum.

The engine orientation relative to the test apparatus was changed
to allow vibration inputs on the longitudinal (X) axis of the
engine. The engine was then subjected to a random frequency
vibration input on the longitudinal axis for 30 minutes in com-
pliance with the F107-WR-400 spectrum.

Engine orientation on the shake fixture was repositioned in order
to align the vibration axis along the vertical (Y) axis. A sinu-
soidal sweep was then performed to identify the resonant frequen-
cies. These frequencies were identified to be 13 Hz, 80 Hz and
100 Hz. The vertical axis was then subjected to a sinusoidal
vibration at a level of 2g's for a 30-minute period at each of
the resonant frequencies. The vibration test series was completed
with a 30-minute random frequency vibration excitation on the
vertical axis in compliance with the F107-WR-400 spectrum.

A presentation of the PSD curves obtained at Bendix Aerospace
during the testing of this engine, as well as a chronicle of
significant test events, is contained in Appendix D of this text.
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The engine was returned to WRC on 16 February 1980 preparatory to
shipment to AEDC for mission simulation testing.

3.3.2 Record of Testing at AEDC

. Note: The initial attempt to conduct the hot and cold day

f 4 mission simulation tests at AEDC was aborted on 25
February 1980 when both an increase in EGT and a marked
change 1in engine spool speed match were noted. A
subsequent teardown investigation at WRC revealed two
burned first nozzle vanes. The engine was reassembled
with a new fuel slinger and combustor/first nozzle
assembly. The engine was then rerun through the ac-
ceptance test procedure (ATP) and reshipped to AEDC.
No repetition of the environmental vibration testing
was considered necessary.

3.3.2.1 Pre-Mission Simulation Testing

Engine 828 was received at AEDC, Tullahoma, Tennessee, on 25
March 1980, and directly installed in Test Cell T-5. Some facility
problems occurred, but were resolved in order to permlt engine
testing to begin on 1 Aprll 1980. A sea level static, standard
day check run revealed minor instrumentation problems which were
easily resolved. During that check run, one flight EGT thermo-
couple 1indicated a step increase to 1074°F, but no other ir-
regularities were reported. A pre-qualification testing sea
level, Mach 0.70 calibration run with bleed airflow and generator
power extraction was conducted, followed by engine operation at
sea level, Mach 0.65 to complete the 4 hours, 55 minutes of
engine operation required prior to the final pre-mission simulation
test check run (Ref. paragraph 2.7.3 of CMEP 91-4043G). Data
collected during the calibration run indicated thrust 4.1 percent
above and SFC 4.7 percent below the specification requirements
with an average EGT of 1030°F at maximum continuous thrust. 0il
consumption durlng this running was computed to be 0.011 gal/hr.
The final pre-mission simulation test check run was conducted on
2 April. A post-run 1nspect10n revealed no fluid leakage. A
starter cartrldge was then installed and the engine prepared for
the initiation of the hot-day mission simulation test.

3.3.2.2 Mission Simulation Testing

Figure 3-42 displays the Phase II QT hot and cold day mission
simulation test format. Scheduled changes in flight conditions
are related to Table 3~1V by circled numbers. Time histories of
the terrain-following cycles used in these tests are presented in
Figures 3-43 through 3-
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Test Cell T-5 at AEDC 1is set up to control the engine throttle
command voltage, simulated altitude and Mach number, and facility
data acquisition system by means of several computers which are
synchronized at the start of the test. One of the computer
outputs is a CRT display comparing the specification inlet temp-
erature, in 10-minute segments, with the current actual inlet
temperature. This display is used to control the inlet temperature
manually during the test.

Time histories of actual test cell pressure, inlet pressure and
inlet temperature are shown in Figures 3-48 through 3-50 for the
hot day mission simulation and in Figures 3-52 through 3-54 for
the cold day mission simulation. These figures also include the
specification pressures and temperatures for comparison with the
recorded data. As can be seen, the computers functioned with a
high degree of accuracy 1in controlling the two pressures re-
presenting altitude and Mach number during both the hot and cold
day mission cycles. The control of inlet temperature was generally
good during both tests, except as noted in paragraph 3.3.2.2.3,
with some variation due to the thermal inertia of the facility
plumbing, which did not allow rapid changes in temperature at the
engine inlet. Although temperature variations do affect engine
performance, it was not felt that the differences which were
experienced affected the wvalidity of the engine durability
demonstration.

The computers controlling the mission simulation cycles did not
have sufficient storage capacity for an entire five-hour test
cycle. Therefore, the program was broken into five segments.
After completion of each segment, the engine was manually returned
to idle speed while the new program segment was entered into the
computer. The engine was not shut down during these hold periods.

Time histories of the supply fuel temperature are shown in Figure
3-51 for the hot day mission simulation test and in Figure 3-55
for the cold day mission simulation test. The specification
nominal fuel supply temperature is shown for reference. The fuel
temperature was controlled by a semi-automatic system which
required constant monitoring and operator adjustment.

3.3.2.2.1 Hot Day Mission Simulation Test. The hot day mission
simulation test was undertaken on 2 April 1980. The cartridge
start was hot (1230°F EGT momentarily), but successful. Data for
both this cartridge start and the start conducted at the outset
of the cold day mission simulation test are presented in Paragraph
3.4.3.7 of this report.

Shortly after the computer had assumed control of the engine
throttle, the PLA display became unsteady, with no attendant
fluctuations in either fuel flow or rotor speeds. As the test
continued, one of the individually-reporting EGT thermocouples
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rose to a steady 1226°F. Finally (1:02:14 into the mission), the
fuel control unit ceased responding to any variations in command
voltage. It was decided, in concurrence with the customer rep-
resentative, to abort the test. Using a manually-controlled
facility fuel system valve, the engine was shutdown, but windmilled
to avoid component damage due to heat buildup and soakback.
Post-shutdown electrical tests revealed internal fuel control
unit resistance and current draw well in excess of the component
specification. It was elected to remove the fuel control unit
and replace it with a different unit.

The replacement fuel control unit was subjected to the Tomahawk
environmental vibration test at Bendix Aerospace Systems-Ann
Arbor on 8-9 April 1980 (Ref. Appendix D, Section 1V). The
removed fuel control unit was shipped to the Woodward Governor
Company for analysis (Ref. Appendix F) where the cause of the
failure was traced to a faulty fuel control unit subcomponent.
The replacement fuel control unit was shipped to AEDC and installed
on Engine 828. Preparations for an engine calibration and trim
check were then made.

The replacement fuel control unit was trimmed, using both mechani-
cal and manual techniques, to a maximum governed HP spool speed
of 62,459 rpm and an engine performance calibration conducted.
That calibration indicated that SFC at maximum continuous thrust
had improved 0.1 percent, but SFC at the cruise rating point had
increased by 1.3 percent. Maximum thrust had decreased by 2.6
percent. All of these parameters, however, still easily satisfied
the specification requirements.

Following an o0il and o0il filter change and the installation of
igniter plugs subjected to the Tomahawk environmental vibration
test along with the replacement fuel control unit, the hot day
mission simulation test was restarted, with a compressed air
start. The hot day test was then concluded, with the most sig-
nificant item of note (derived by post-test data analysis) being
a disagreement between the manually-computed average of three EGT
thermocouples and the electrically-averaged output of three
others. The disagreement was about 50°F throughout the entire
test cycle. Computed o0il consumption for the entire hot day
mission simulation test was 0.015 gal/hr.

3.3.2.2.2 Recertification. After completion of the hot day mis-~
sion simulation test, the No. 1 bearing, both igniters, and the
engine o0il and oil filter element were replaced. The engine oil
sump was drained and refilled with new MIL-L-23699 oil.

A recertification calibration run was performed at sea level,
Mach 0.7, standard day conditions to verify engine function after
the hardware changes. No meaningful changes in engine performance,
in comparison to the engine calibration prior to the hot day

3-6

VWP Ty oo i - e

IR S —

g\




ll Wiiliams Research Corporation CMEP 95-41;0
Report No. 79-106-39

mission simulation test, were observed. During the recertification
run, the individual EGT thermocouple T6-2 behaved erratically, as
it had on earlier ocassions, but no contrary engine health para-
meters were observed.

1 3.3.2.2.3 Cold Day Mission Simulation Test. The cold day mission
) simulation test was conducted on 15 April 1980. The test was
‘ initiated with a successful cartridge start and was conducted i1
& with very few occurrences of note. Some items of interest, which
apparently had little bearing upon the successful conclusion of
! the test, included continued disagreement (derived by post-test
- data analysis) between the average of the individually-reporting
4 EGT thermocouples and the three electrically-averaged EGT thermo-
couple outputs (about 40°F), depletion of the facility liquid air
supply which led to a loss of inlet temperature control, repeated
freezing of water collected in the facility fuel filter (causing
) several interruptions of the test cycle for thawing) and reports

of "sparks" from the engine tailpipe for which no origin could be
pinpointed. At the conclusion of the test, oil consumption was
computed to be 0.007 gal/hr. Some deposits were found on the
magnetic drain plug. (This item is discussed in paragraph 3.5.2.,
Teardown Inspection Results.)

3.3.2.3 Post-Mission Simulation Testing

Prior to the post-mission simulation calibration run, the engine
igniters, oil and oil filter element were changed. Some debris
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i was found in the filter element. A three-point engine calibration
3

»

at sea level, Mach 0.7, standard day conditions was conducted,
with some '"sparking" from the tail pipe reported shortly after
the engine was started. Data analysis indicated that, compared
to the "pre-test" calibration with the replacement fuel control
unit, SFC had improved slightly at both maximum continuous and
cruise power levels and thrust had deteriorated only 0.7 percent
and was still in excess of the specification requirement. O0il
consumption for the calibration run was computed to be 0.041
gal/hr with some additional debris found on the magnetic drain

plug.
Total engine running time for build 6 at AEDC was 17.0 hours with

13 starts, two of them cartridge-initiated. The engine was re-
turned to WRC on 22 April 1980.

3.4 PERFORMANCE ANALYSIS

3.4.1

sSummary

Engine 828/build 6 was scheduled to complete both hot and cold '
day mission simulation cycles with inlet airflow distortion ;

' screen GD1 in place.
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The original start for the hot day mission cycle was a successful
cartridge-initiated type with a start time of 6.25 seconds (spec-
ification requirement is 6.7 seconds).

The hot day mission cycle was terminated at a point 1.04 hours
into the test when the fuel control unit ceased to respond to
input voltage commands. The fuel control unit was replaced with
a unit which was first run through the F107-WR-400 engine environ-
mental vibration cycle at Bendix Aerospace. A repeat performance
calibration was conducted at sea level, Mach 0.70, standard day
conditions after which the engine was trimmed to yield 101.5
percent of specification maximum continuous thrust. As trimmed,
HP spool speed was 150 rpm lower than the initial setting at WRC.
The hot day mission cycle was reinitiated with a compressed air
start and completed without further incident. Engine operating
temperatures remained within limits throughout the test cycle and
maximum continuous thrust was measured to be 101.7 percent of the
specification requirement immediately prior to completion of the
cycle.

The cold day mission cycle was initiated with a successful car-
tridge start at 1500 feet, Mach 0.5 with an inlet temperature of
-9°F. The temperature of the air surrounding the engine was
estimated to be approximately -9°F at the time of the start.
Engine start time was 9.3 seconds as compared to the specification
requirement of 11.0 seconds.

Engine performance throughout the cold day mission cycle was
satisfactory with steady-state data indicating an SFC 8.5 percent
below the specification requirement. Facility problems with the
liquid air supply allowed the engine inlet air temperature to
rise up to a value of 15°F, 3.86 hours into the cold day cycle.
At the stabilized inlet temperature maintained during the last
1.14 hours of the cycle (+15°F), maximum continuous rating thrust
was measured to be 101.7 percent of the specification requirement
with the fuel control unit delivering a maximum of 509 lbm/hr.
Had the inlet temperature been maintained at the required level,
the engine would have only developed 98.5 percent of specification
thrust, since thrust output would have been restricted by the low
setting of the fuel control unit maximum fuel delivery stop. The
engine would have required a fuel delivery rate of 517 lbm/hr at
a fuel temperature of -30°F in order to attain 100 percent of the
specification required thrust. Considering the test conditions
run, the fuel delivery rate from the fuel control unit should
have been at least 524 1lbm/hr. Refer to Section 3.4.3.4 for
further discussion with respect to fuel control unit operating
characteristics.

The sea level, Mach 0.70, standard day performance of the engine
was above specification with a cruise rating SFC 2.4 percent
below the requirement. The post-mission cycle calibration, when
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compared to the pre-mission calibration, demonstrated an additional
0.2 percent improvement in SFC. By the same comparison, maximum
continuous rating thrust was down 0.7 percent when observed
during the post-mission cycle calibration.

The engine air bleed system delivery exceeded both flow rate and
pressure requirements by 10.0 percent during the mission simulation
tests.

3.4.2 Test Results

Engine 828 completed all of the scheduled testing in accordance
with the requirements as listed in Run Program QT-21 (ref. Appendix
B of this document). An overall performance summary is shown as
Table 3-1 wherein thrust and SFC are presented relative to the
PID Specification Engine (Rev. C) and operating temperatures and
speeds are indicated for the maximum continuous rating PLA setting
of +3.65 vdc.

Performance results from the WRC prequalification tests and the
AEDC trim check calibration (sea 1level, static, standard day
condition) are shown in Figures 3-1 through 3-5. A direct com-
parison of the sea level, static data from both test facilities
is presented in Table 3-1I. The data shown for operation at the
maximum PLA setting of +3.65 Vdc represents performance with the
original fuel control as trimmed at WRC.

Figures 3-6 through 3-10 demonstrate the performance recorded for
the sea level, Mach 0.70, standard day calibrations with IP bleed
airflow and a five~horsepower generator load. The data presented
include that which was recorded during the initial performance
calibration at AEDC, the recalibration after replacement of the
fuel control unit (refer to paragraph 3.4.1), the recertification
performance calibration and the post-mission simulation performance
calibration. Table 3-III includes data extracted from these six
performance curves so as to present a detailed comparison with
the F107-WR~400 specification rating points at Mach 0.7.

Figure 3-11 presents the hot day mission simulation profile which
includes a cartridge start at Mach 0.5. Performance data recorded
during the mission cycle are presented in Figures 3-12 through
3-18. These are steady-state data recorded during fixed throttle
segments. Data are shown for both the initial attempt to conduct
the hot-day cycle and the second, more successful, conduction of
the hot day cycle with a new fuel control unit installed.

The cold day mission profile is presented in Figure 3-19. Perform-
ance data for the cold day mission cycle are shown in Figures 3-
20 through 3-26. Figures 3-54 and 3-55 show the desired and
actual inlet air and fuel supply temperatures. The increase in
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these temperatures at the end of the mission cycle reflects the
test facility problems in supplying liquid air, which caused
engine inlet air temperature to drift above the specification
value required for the test.

HP governed speed is graphically presented as a function of inlet
temperature in Figure 3-27. The effects of fuel supply temperature
on the maximum fuel delivery rate are shown in Figure 3-28.

Engine IP air bleed system performance is presented in Figures 3-
29 and 3-30.

A comparison of the engine start performance with the specification
requirements is shown in Figure 3-31. The start times were taken
from the hot and cold day cartridge-start time histories, shown
in Figures 3-32 through 3-35.

3.4.3 Data Analysis

3.4.3.1 Sea Level, Static

Engine performance for sea level, static conditions at AEDC was
better than that observed at WRC in terms of both thrust and SFC.
Figure 3-1 shows SFC to be 2.3 percent lower at AEDC. As received
from WRC, with the initial fuel control unit installed, HP spool
speed measured at AEDC was 310 rpm lower at the maximum continuous
power lever command voltage. Even with the governed HP spool
speed down, thrust was measured to be 4.3 percent better than at
WRC for a given speed (Figure 3-2). This increased thrust is the
result of a 450-rpm increase in LP spool speed (Figure 3-3).
This increase has previously been noted with other engines tested
at NAPC and AEDC with 1little attendant change in TIT or EGT.
Such is the case of this engine (Figure 3-4).

3.4.3.2 Sea Level, Mach 0.70, Standard Day

Data for this flight condition is presented in Figures 3-6 through
3-10. A detailed comparison with the performance calculated for
the F107-WR-400 specification engine (Table 3-II1I) shows an
excellent result, with cruise rating SFC 3.7 percent below the
specification maximum value. The engine performance observed for
this engine at Mach 0.70 is probably the best seen in the qual-
ification test series.

The reason for the outstanding performance characteristics observed
cannot be identified due to the limited instrumentation installed
on the engine. The engine speed match (Figure 3-8) was up 670
rpm in comparison to that calculated for the specification engine.
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Airflow (Figure 3-6 and Table 3-1I1) was 2.3 percent above the
specification requirement but was within the 3.0 percent tolerance
band allowed. The engine had an "open" (+2.0 percent) first tur-
bine nozzle which would tend to drop the bypass ratio in comparison

to the specification engine. ’

o ar e gy

! 3.4.3.3 Hot Day Mission Simulation

1 The hot day mission simulation data are presented in Figures 3-12
through 3-18. Data are compared to the specification requirements,
running with bleed airflow, a 5.0-horsepower generator load, and
inlet airflow distortion screen GD-1 installed. The engine was
cycled over the mission profile shown in Figure 3-11.

Engine performance was within limits throughout the test. Data
are presented for testing with the original fuel control unit and
with the replacement fuel control unit installed. The initial
endurance cycle was terminated after 1.04 hours of run time when
the fuel control unit ceased to respond to command voltage changes.
A replacement fuel control unit was fitted to the engine and a
trim check performed at the Mach 0.70, standard day condition.
Trimmed HP spool speed was observed to be 150 rpm lower than had
been recorded with the original fuel control wunit; however,
thrust was measured to still be 4.7 percent above the specification
requirement at the maximum continuous PLA setting. This 150 rpm
change in trimmed HP spool speed can also be seen in Figure 3-14.
TIT at the maximum continuous rating (Figure 3-16) shows only
minor variations throughout the hot day mission cycle. The
highest calculated TIT recorded was 1820°F at a point 88 minutes
into the mission.

3.4.3.4 Cold Day Mission Simulation

The cold day mission cycle was conducted according to the mission
profile shown in Figure 3-19. The engine performance history is
presented in Figures 3-20 through 3-26. Measured thrust (Figure
3-20) was 1in excess of the specification maximum. Table 3-I
shows a cold day SFC 9.0 percent below the value projected for
the specification engine.

The cold day mission cycle was completed successfully, the only
irreqularity being a facility failure to maintain inlet tempera-
tures and fuel temperatures toward the end of the cycle. Figure
3-54 demonstrates that the facility was not able to maintain the
required inlet temperature during the high speed dash at the end
of the cold day cycle; rather, that portion of the cycle was run
at an inlet temperature of +15°F.

Running at the above mentioned deviant temperature value, maximum
continuous thrust was measured to be 1.5 percent above the specifi-
cation requirement (Figure 3-20); however, the fuel control unit
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was at the maximum fuel flow limit, which Figure 3-21 shows to be
only 509 lbm/hr as calibrated. Had the engine been run at the
required inlet temperature during the high Mach number dash seg-
ment, the low fuel delivery rate from the fuel control unit would
have restricted maximum continuous thrust to a value 1.5 percent
below the specification requirement. Figure 3-28 demonstrates
that, as calibrated, the fuel control unit was at the 509 lbm/hr
maximum fuel delivery rate at a fuel temperature of -2°F. This
is a value 15 1lbm/hr below the lower recommended limit at that
temperature. A maximum fuel delivery rate of 517 lbm/hr would be
required for this engine to produce 100 percent thrust at the
required inlet temperature.

The F107 engine fuel control units are adjusted to a maximum fuel
delivery rate somewhat lower than the specification engine fuel
delivery limit of 550 1lbm/hr. That procedure has been established
because the fuel control unit is adjusted with calibration fluid
at room temperature conditions. Cold fuel and high density fuels
both tend to raise the maximum fuel flow limit. The fuel flow
limit is established and must be maintained in order to protect
the engine against overpressurization when operating at cold day
inlet conditions.

In Figure 3-28 it can be seen that Engine 828 at cold day con-
ditions required 517 1lbm/hr of fuel to attain maximum thrust.
The pre-test calibration of fuel control unit S/N 1443454 (a
replacement unit installed on the engine at AEDC, Ref. 3.3.2.2.1)
demonstrated a maximum fuel delivery rate of 513.9 1lbm/hr with
the calibration fluid at 60°F. That value is slightly below the
acceptance band. The post-test calibration of that fuel control
unit demonstrated a maximum fuel delivery rate of 517.3 1lbm/hr
with 60°F calibration fluid. Those flow rates represent the
individual calibration of fuel control unit S/N 1443454 and are
not representative of all F107 engine fuel control units.

Data for Engine 828, recorded late in the cold day mission cycle
with both the engine and the fuel control unit heated up as a
result of 4.8 hours of operation (Figure 3-28), indicates that
with fuel temperature at 60°F, the fuel delivery rate at maximum
power would have been 502 lbm/hr. This represents a reduction of
11.9 1lbm/hr when compared to the fuel control unit pre-test
calibration. It is evident that heat soaking and thermal expansion
have acted to depress the fuel delivery rate from the fuel control
unit even though cold fuel is being supplied to the control.

Total fuel temperature range calibrations of a cold F107 engine
fuel control unit with a JP-9 fuel supply have demonstrated that
a cold fuel control, when set to the lower maximum fuel delivery
limit, will deliver 550 lbm/hr when supplied with -65°F fuel. 1If
that same fuel control unit calibration flow rate was to be
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raised 5 1lbm/hr with 60°F calibration fluid, data extrapolation
would indicate that the cold fuel control unit would deliver 555
lbm/hr with the fuel supply temperature at =-65°F. Note, however
that the calibration flow rate being discussed is at or near the
lower end of the specification flow rate tolerance band with 60°F
calibration fluid. In a worst-case situatior, with maximum fuel
delivery at the upper tolerance 1limit, a fuel delivery of 570
lbm/hr would be possible with a cold fuel controi unit and a -65°F
fuel supply temperature. That high of a fuel delivery rate would
be unacceptable in that it could over-pressure the engine.

3.4.3.5 Post-Mission Calibration at Mach 0.7, Standard Day
Condition

The pre- and post- mission simulation test calibration comparison
is presented in the performance summary (Table 3-1I). Performance
changes were minimal with the SFC deteriorating by less than 0.5
percent. Maximum continuous HP spool speed had decreased by only
50 rpm which yielded a 0.7 percent loss in measured thrust. The
post-test calibration demonstrated that the engine still met all
performance requirements.

3.4.3.6 Fuel Control Unit Performance

The engine fuel control unit maintained governed HP spool speed
within the specification limits at all times. Changes in governed
HP spool speed as a function of inlet temperature are shown in
Figure 3-27. The engine was trimmed at WRC to an HP spool speed
of 62,610 rpm at an inlet temperature of 36°F. During the initial
Mach 0.70 performance calibration at AEDC the engine ran at an HP
spool speed of 62,550 rpm with a TIT of 1785°F. A slight drop in
maximum governed HP spool speed, to 62,400 rpm, was noted during
the hot day mission cycle but the engine still produced thrust in
excess of the specification requirement.

The fuel control unit was replaced after failing to respond to
input voltage variations during the hot day cycle. The replacement
fuel control unit was trimmed 150 rpm lower than the previous
unit for Mach 0.70, standard day conditions. Note that with the
replacement fuel control unit installed, the engine once again
showed a drop in governed HP spool speed during the hot day
cycle. The fact that the engine demonstrated a loss 1n governed
speed with two separate fuel control units installed suggests
that the phenomenon is more a characteristic of the engine than
of the fuel control unit.

3.4.3.7 1P Air Bleed System Performance

The air bleed system on Engine 828 was capable of delivering the
required airflow and pressure at all conditions tested. Test
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results are presented in figures 3-29 and 3-30 which show the
observed data for engine 828 1in comparison to the F107-WR-400
specification engine. The better-than-specification results ob-
served on this engine are due to the high LP spool speed which is
shown to be 700 rpm over that calculated for the specification
engine at any given speed match.

3.4.3.8 Start Analysis

Engine 828 completed two successful cartridge starts to initiate
the hot and cold day mission simulation tests. The start time
history traces for these two starts are shown in Figures 3-32
| through 3-35. A comparison with the F107-WR-400 specification
' start requirements is shown in Figure 3-31. The test cell tempera-
ture around the engine was not measured on the cold day start but
with the 45 minutes required to condition the inlet duct tempera-
ture to the required -9°F, it was felt that the cell ambient
temperature was approaching -9°F immediately prior to the start
attempt.
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3.4.3.9 Conclusion

Engine 828 demonstrated compliance with the specification perform-
ance requirements for the F107-WR-400 engine. The maximum contin-
uous rating thrust exceeded the specification requirement except
where restricted by the low maximum fuel stop setting in cold
climates. A low maximum fuel delivery rate has been experienced
on other qualification engines and it is emphasized that the fuel
control units should not be set up to deliver 1less than 540
lbm/hr at a fuel temperature of =65°F. For the F107-WR-400
engine, Figure 3-28 shows that fuel delivery should not be less
than 528 1lbm/hr with RJ-4 fuel at -15°F.
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3.5 MECHANICAL ANALYSIS

3.5.1 Teardown Inspection

The post-mission simulation test, dirty and clean teardown inspec-
tions indicated that no engine hardware had failed or was in
danger of failure. Minor indications of light seal and shroud
rubs were present and were considered normal for an engine having
completed the run program accomplished with Engine 828/build 6.

There were two items of significance noted during the teardown
inspection. The first item was that one of the 13 balls in one ]
of the accessory drive bearings had been reduced in diameter as ‘
shown in Figure 3-56. The other 12 balls measured normal and I ]
. little or no distress was apparent in the bearing that contained
' the small ball. The other bearing of the pair appeared to have
no damage and measurements appeared normal. No accurate estimate
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of remaining service life 1is possible; however, there were no
signs of progressive failure present.

The second significant item was a greater than normal amount of
foreign material present in the o0il reservoir. Chemical analysis
of the particles indicated that 440C stainless steel, bronze,
aluminum, and 300 series stainless steel comprised the majority
of the material observed. The particles were most likely carried
by scavenge o0il flow into the reservoir where they were separated
out of the low velocity oil stream. Filtering in the oil supply
system would have prevented any of the particles from being
carried to the o0il jets. There was no evidence of excessive
contamination noted in the oil filter and the o0il system appeared
to have operated normally throughout the test program.

3.5.2 Engine Operating Characteristics

3.5.2.1 O0il Sample Analysis Data

The 01l sample analysis data presented in Table 3-V was derived
from laboratory reports provided by AEDC (ref. Appendix G of this
text) and is presented for information purposes only.

3.5.2.2 0il and Bearing Temperature Data

The o0il and bearing temperatures and o0il pressures recorded
during the testing at AEDC are compiled in Table 3-VII. No
unusual trends can be observed from this information. Results of
engine oil consumption tests are presented in Table 3-VI.

3.5.2.3 Engine Vibration Data

Engine vibration levels recorded during the testing at AEDC are
presented in Table 3-VIII. No unusual indications or trends can
be observed from this data.

3.5.2.4 Fuel Control System

The results of the pre- and post- engine test measurements on the
fuel contrel unit, the fuel shutoff wvalve and the fuel control
inlet air temperature sensor are shown in Appendix E of this
text. The fuel control unit represented in these tests 1is the
unit installed at AEDC (S/N 1443454) to replace the unit originally
installed at WRC.
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3.5.2.2 0il and Bearing Temperature Data

The o0il and bearing temperatures and oil pressures recorded
during the testing at AEDC are compiled in Table 3-VII. No
unusual trends can be observed from this information. Results of
engine oil consumption tests are presented in Table 3-VI.

3.5.2.3 Engine Vibration Data

Engine vibration levels recorded during the testing at AEDC are
presented in Table 3-VIII. No unusual indications or trends can

Ve be observed from this data.

3.5.2.4 Fuel Control System

The results of the pre- and post- engine test measurements on the
fuel control unit, the fuel shutoff valve and the fuel control
inlet air temperature sensor are shown in Appendix E of this
text. The fuel control unit represented in these tests is the
unit installed at AEDC (S/N 1443454) to replace the unit originally
installed at WRC.
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ENGINE 828/BUILD 6, PERFORMANCE COMPARISON, WRC TO AEDC.

WRC AEDC
I. At N,/J8 = N, Test at +3.65 VDC to Fuel Control Actuator
Thrust Fn/6 (100% FM min ~ INDICATE % FM) 2 100.8 102.3
HP Speed N,/J6 (63200 rpm max) 62,610 62,300
LP Speed N,/J8 (34755 rpm max) 33,400 33,390
EGT EGT/6 (1130°F max) 1020 1009
TIT/6 (1925°F max) 1805 1788
II. At Fn/6 = Fm
EGT EGT/6 (1130°F max) 1010 1035
SFC SFC/8 -67 (100% SFCM max - INDICATE % SFCM)3 -3.4 -5.7
Airflow WJ8/6 (14.0 1lbm/sec max) 13.50 13.60
(13.19 lbm/sec min)
HP Speed N,/J6 (63200 rpm max) 62,400 62,050
LP Speed N,/J6 (34755 rpm max) 33,200 33,050
(31445 rpm min)
II1. At Fn/6 = 90% Fm
EGT EGT/68 (1060°F max) 935 990
SFC SFC/6 57 (97.4% SFCM max - INDICATE % SFCM) ~2.7 5.7
Airflow Wy8/6 (13.39 lbm/sec max) 12.95 13.0
(12.61 1bm/sec min)
HP Speed N,/J6 (62883 rpm max) 61,300 60,900
(60417 rpm min)
LP Speed N,/J/6 (33180 rpm max) 31,800 31,700
(30020 rpm min)
IV. At Fn/6 = 75% Fm
EGT EGT/8 (960°F max) 940 . 935
SFC SFC/0 -7 (94.1% SFCM max - INDICATE % SFCM) -1.6. -4.5
Airflow W/J8/5 (12.46 lbm/sec max) 12.00 12.05
(11.74 1bm/sec min)
HP Speed N,/J/8 (60894 rpm max) 59,500 59,050
(58530 rpm min)
LP Speed N;/J/6 (31080 rpm max) 29,800 29,600

(28120 rpm min)

1 WRC data corrected to sea level, static, standard day conditions.

2 FM is minimum thrust at the maximum continuous rating at sea level
static as specified in Table 1 of PID Spec 24235WR9501A SCN 010
dated 17 October 1978.

3 SFCM is maximum SFC at condition 1.
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Figure 3-29. Engine 828/Build 6, Bleed Air System Performance,

AEDC Performance Calibration Data
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E : Figure 3-30. Engine 828/Build 6, Bleed Air System Performance,.
! Hot and Cold Day Mission Simulation Data
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Figure 3-31. Engine 828/Build 6, Cartridge Start Times as Compared
to Ambient Temperatures, Hot and Cold Day Mission
Simulation Tests
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APPENDIX A

PRE- AND POST-TEST DIMENSIONAL DATA

This Appendix is a compilation of pre- and post-test measurements
on critical engine components.
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7 November 1979 CMEP 1-0773

Department of the Air Force
Aerocnautical Systems Division
Wright Patterson Air Force Base

OH 45433
Attention: YZET/Charles Hutcheson
Subject: Transmittal of F107-WR-400 Run
: Program No. QT2l1 to Arnold
Engineering Development Center (AEDC)
Gentlemen:

Attached are two copies of "F107-WR-400 Run Program No. QT21,"
dated 6 November 1979 pertaining to Mission Simulation Endurance
Qualification testing to be performed on Engine No. 828 i
scheduled for January 1980. This run program is being provided
as a guide and supplement to the Qualification Test Plan CMEP
91-4043G, Report 78-145~-8, 18 October 1979, Approval Copy Version
(QTP) to aid in performing the test. The QTP should be referred
to for detailed information and to complete the "definition of
testing” requirements. I am forwarding this run program to you
for your review and transmittal of a signed copy to J. Fergus

at AEDC upon your acceptance of the QTP and the attached run
program.

Sincerely,

WILLIAMS RESEARCH CORPORATION

F 2Ll

F. L. Sole R. B. Balsley
Sr. Development Engineer Program Manage
FS/el
cc: Letter and Attachment Letter Only
R. Lewis P. Wood R. Liposky
J. Fergus (AEDC) R. Stephens D. Merry
B. Beckett R. Conley
Attachment

2200 WEST MAPLE ROAD « WALLED LAKE MICHMIGAN . 480012

AREA CODE 313 024-06200 - TWEX MO 018 232-1898)
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F107-WR-400 RUN PROGRAM NO. QT21
6 November 1979

1.0 GENERAL INFORMATION

1.1 Increment Title

F107-WR-400 Phase II Qualification Testing

1.2 Increment Category

1.2.1 Environmental vibration test per PID specification
(Reference A) paragraph 4.6.4.13.2 and WR-400 QT plan
(Reference B) paragraph 3.3.3.

1.2.2 Mission simulation endurance qualification test on
RJ-4 fuel per PID specification (Reference A) paragraph
4.6.3.2g and WR-400 QT plan (Reference B) paragraph 3.2.4.

1.3 Objective of Test

1.3.1 The objective of the environmental vibration test is
to demonstrate that the F107-WR-400 engine is capable of
successfully completing an environmental vibration test as
defined in paragraph 4.6.4.13.2 and 3.3.3 in the PID spec-
ification and WR-400 QT plan respectively.

1.3.2 The objective of the mission simulation test is to
demonstrate that the F107-WR-400 engine is capable of
successfully completing a mission simulation endurance test
with simulated terrain following as defined in paragraph
4.6.3.2g and 3.2.4 in the PID specification and WR-400 QT
plan, respectively.

1.4 Test Schedule

The anticipated calendar testing period is 7 January 1980
through 31 January 1980.

1.5 Test Article Configuration

The engine to be tested will be engine No. 828 which is a

Model No. XF107-WR-400 engine P/N 1029110-108 with OPEVAL and

QT instrumentation.

Paragraphs 2.1 and 2.2 of the WR-400 QT plan (Reference B),
the specific parts list and top assembly and basic assembly
drawings submitted to the using service and test facilities
should be referred to for any further information required

relative to the test article definition.
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1.6 Test Cell Configuration

The standard test cell configuration used for the Fl07-
WR-400 FSD testing will be used. Capability for performing
simulated launch starts using both air crank and pyrotechnic
cartridge, and the pop start valve is required.

Williams Research Corporation (WRC) supplied engine IP bleed
measuring station as shown in Figure 1 will be used. Detailed
requirements concerning cell confiquration and facility
support requirements are provided in the WR-400 QT plan
(Reference B), Section 2.6.

1.7 Security

Security is as specified in Cruise Missile Classification
Guide OPNAVINST S~5513.2 of 25 January 1979.

1.8 Engine Operating Limits

The engine operating limits are defined in the table below. 3

Two sets of values are given for each parameter. Should the

engine reach the Column A value, the on-site WRC representative

is to be informed immediately. No further action is to be

taken unless the WRC representative deems it necessary.

Should the engine then reach the Column B value, the engine 4
is to be shut down immediately.

A B
Advise WRC
Parameter Representative Shut Engine Down
LP Rotor Speed 55,555 rpm 38,000 rpm
HP Rotor Speed 64,000 rpm 65,000 rpm
EGT Avg Steady State Graph to be provided with engine vs
EGT Ind Steady State Inlet Temperature °
EGT Ind During Start QTPoFig 3-3 1708 F
$1l Brg Temp* 300°F 350°F
#2 & 43 Brg Temp 450°F 525°F
#4-5 & #6 Scav Oil Temp 450°F 525°F
0il Pressure (Min) 40 psig 30 Steady State
0il Pressure (Max) SS 120 psig 200 psig
Vibration Inlet** 15 g's rms 30 g's on any
two channels
Vibration Triax** 15 g's rms 30 g's on any
two channels
Vibration Rear Hsg** 50 g's rms No Limit

*Bearing temperature limits in Column B are to be compared
to the coldest reading when two readings are available.

**Correlation of control room monitor vibration readings
and the actual engine location and direction of the
accelerometer (i.e., radial, tangential or axial) being
read is required.
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1.9 Governing Documents

In the event of conflict between this document and the
qualification test plan, the contents of the qualification

test plan shall be considered a superseding requirement. Items
32 and 40 on the test summary sheets are an exception to this.

2.0 INSTALLATION

2.1 Installation requirements are defined in paragraph 3.2.4
of the WR-400 QT plan (Reference B).

3.0 DATA ACQUISITION

3.1 Instrumentation

The engine instrumentation requirements are as shown on the
attached instrumentation requirements sheets and Table 2-1V
and Appendix B of the WR-400 QT plan (Reference B).

3.2 Data Required

Data acquisition requirements are as defined in paragraph
3.2.4.6 and 2.6.3 of the WR-400 QT plan (Reference B).
Steady state data during the mission simulation is to be
taken for those items indicated by Table 3-I of reference
B.

3.3 Data Reduction Requirements

The current T-5/F107 Data reduction program will be used

to compute engine performance. The value of the turbine
flow parameter is TBD. All other engine constants currently
being used in the data reduction program remain unchanged
except exhaust nozzle angle value and direction must be
compatible with the F107-WR-400 engine nozzle. A second
calculation of engine performance will be required using
theta = (T2/518.67) 0.67 for fuel flow correction. Plots of
data required are specified in paragraph 2.73 and Tables 2-V
and 2-VI of the WR-400 QTP. A calculation of turbine inlet
temperature will be required also.

4.0 TEST PROCEDURE

4.1 Test Sequence

Due to the nature of these tests, they must be run in
the sequence given on the attached test summary sheet.

-

T e SV P TS
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4.2 0il Consumption

0il consumption shall be determined before, during and after
the mission simulation endurances. The consumption before
and after the endurance shall be computed during the pre and
post calibrations, items 16 and 40 respectively on the
attached F107-WR-400 test summary sheets. 0il consumption
during the mission simulation endurances shall be determined
after items 29 and 37 on the test summary sheet. The

“Drain and Weigh" method will be used to compute these
consumptions., MIL~-L-23699 oil will be used in the engine
main oil tank.

oy A

sl . .~
il VA,
-
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4.3 Environmental Vibration

The environmental vibration test is to be performed as
defined in paragraph 3.3.3 of the WR-400 QTP (Reference B).
This test is to be completed prior to shipping the engine
to AEDC.

4.4 Initial Engine Start and Checkout

! Upon completion of the engine installation in the test
cell, the fuel system is to be purged of air and pres-
surized per Appendix H of the WR-400 QT plan (Reference B).

Engine is to be operated as defined in Appendix C, paragraph
8.0, of the WR-400 QT plan (Reference B) in order to check

H out all instrumentation hook-ups and perform an engine
trim check.

-y

4.5 Engine Calibration Under Simulated Flight Conditions
(Pre-endurance Calibration)

The pre-endurance calibration is defined in paragraph 2.7.3
of the WR-400 QTP plan (Reference B) and is to be completed
as part of the testing defined by paragraph 4.4 of this

run program.

'.:w‘- k‘“»

4.6 Hot and Cold Day Mission Simulations

o

. After completing paragraph 4.5 above, perform the high
and low temperature mission simulation test as defined
in paragraph 3.2.4 of the WR-400 QT plan (Reference B).

§
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4.7 Post-Endurance Calibration

The post-endurance calibrations are defined in paragraphs
3.2.4.8 and 3.2.4.10 of the WR-400 QT plan (Reference B)

and are to be completed as part of the testing defined by R
paragraph 4.6 of this run program. ;

Reference: A. Prime Item Development Specification
24235WR9501A, December 1978

B. Qualification Test Plan CMEP 91-4043G

Report No. 78-145-8 18 October 1979 ;
Approval Copy Version
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=BLEED ASSEMBLY
(SEE DETAIL
VIEWS BELOW)
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ENGINE VIEW IN DIRECTION 8 (130°)
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“Ir="17r" 7 | H
i [\ ENGINE/BLEED ASSEMBLY INTERF ACE i ! ¥s1aTic DOWNSTREAM
AL
' o n . 3
1

PSTATIC UPSTHEAM — 021440 215 SHARP LDG ORIFIGH

BLEED MEASUREMENT STATION STACK ]
“ a0 PIPE VIEW INCIRCLE A
0% WITH 0035 W ALt (ENLARGED) "

SEAL MOVED AGAINST END OF -
BLEED STACK BY SOLENDID TO
Psratic TURN BLEED OFF
A

/— AIR POWE HED SOUENDIO TO

KI /L £
1 _ﬂ 1 1300
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Figure 1. Engine 828 IP Bleed Measurement System. A 12

' -

FRTVorS

=




79-106-39

e

CMEP 95-4120
Report No.

)| } A 4 1| 7 YrEso(wesiisd) ssoy YA POYE Y
{ I /! o /7 | 7 |35 P Inssod] Sbh AVoAS
oInprar sy Y % el + |7 |ovar S4nssoq /10
\*c&nﬁ\n\.t\\\\:(ﬂ&\\.\uv.\n\t.:\u‘\w A o A 4 |szsy Sagy 285 pspap %.&\\\Q
I T VLR i A e | AT £ |Fand|[ g 5t a7 372 2on Jirbyxs
bt h&t..«\ \..n\\.\u 4 Vel Vs %4 / / VES [594 ¥17K ohw\&..\\%nv\\n\..v I
= I N R (o/55) S FHASSFIT.
i i : m | ! _ Ll
i | ” ; M i ‘ )
T N T
A N P -
: . . ‘ )
” \. RV 17 ﬂNWN;ldT.&\\.\\ s 5779,
sorpiper| i _ \ e |lis by \n.&.-\\.v.\i.* Vh{uﬁs o oy
IEoppar| | ¥ AlA gi|l'E 92 | - Away sbivyssig deig My J7
Vi A 7~ 7 [FAz | Fespeteraiziosy tay w3y |
oy s -poifdbng £30)1324 - ywvorsdy Pl 4| 4 |2one| Hess wns sp22om 3of
L A 7.7 |79« ;LQM\\SQNN\RHRN.§\
ol I kg 77 |00 |Taa 45 ji7 35F W
Ve . /! / 4 9 8L &\WN L0 0\.&0\«»“ 9 o
7 A /| 7 | A 10 ohﬂu&%%* o
wdpndues-y apom ot~ A A z |z |[£82 i3 iy § o
wopndessr -y Lo gouroity -y ) A > > |zgs .Q\R\.W.N N,-w.\k&% 2 o
vopndwoy -t “4s)owni0thy -1 A N -4 z | /784 .\k\b* Eirewsg /oy
2bvsoay uﬂm\v\\ & Al 1 = F | TH 92| Twrag 3bTvysiig 355 J7
’ Y, £ e | £2 ooy 2bvyr517 40ss0 4005 4 gy

() SIVOLEYIAGZL

SUNVNZ W W oD

X

Yz 4
S s

NS IOy 20 OOy VO
DONYY \ PN Thsts]on Yasos

708 /A 5|

IYOILU ISP AN YL

'l. Williams Research Corporation

E v /ns

AYVYWWANS SUNFWTY/INOTY

NOILVANIUWNYLSNS . TNIONT PNIONT

' AN R N

§Z-9 -2 828 ‘or

(APREINATT am T TRREC o e e e



Report No. 79-106-39

CMEP 95-4120

poration

l.l Williams Research Cor

—v— - S g
e . . . .WN . N.mvP P e ™

vopahue) asop a3 4014 L2y rrvf a2 Ag w0 Dpm 224 va1y W\mmhswﬂu FEreyrz |

oo 4O K3 E S 00) 20 71 2 T e Zo 70T Y Ppadd Mg oy
fy28s Al gttleo b7 | (29 s31°8) Evigaas vamgy

: st R VRVRPIE ! (2| sHay 2 prog <apeionas
yRYIRIIAW /! Vs sy 7 proy saavisnso

o Lo / A |of HQ . /. |2 57/ T prey Taapianss

S Al |20 1SL7IOA S#/79N [/ PR H4ogvosduvad

o, . YOI AZINTD

. j¥%0/2%5 : YR ZIW / A W\dv&v\& UQ\HMNH\BW\
B rlrla lsz]e ;| M| (reop ) Toy By Stgsaae

; Alalnr lszle L £y ﬁ\..é.c.\...w\x.@..@.q %ka\&ﬁ
2172 |, |52]0 1 A | (rrr ) yeru By SlgpriopaT

| P N /s (98| @ ; \ /] ﬂ\....:\dx “,v.‘\h\.\\\ Ay

o _ : P : : Gy 55 ih\kuxwwwwwll
A L I T - X X RS 09| 0 & 7] Yy

e SRS w...\\u.\“w\u,w.,\ 5 “ “ “ s © 7 lpawxl  (wo2) posdsoAn
I Ve , A T«y v lzwx| 7 (ww) Pk S7
| ey 75 %07 TEid | " BSYIFY pasjs p
&m&ﬁuﬁJN\ﬁ&%m\ oo/ uﬁEnLﬁuuﬂﬁ¥n¢%&t§w\wﬂw%Q

(invoy (/se) S727S5700

SN 0> r.ﬂ“ M‘\N 708 wAS] NOIL A PISET FRULPWYIbS

-7

£z we ASTVWWAS  SINTWIIIOTY — NOIVINITWNTISNI  INTINT  *70.7

B-10




CMEP 95-4120

poration

..l Williams Research Cor

Report No. 79-106-39

‘ i . _. P ”
Y : “ ! " g
.u.%vv\uﬂ “..,\&w.w.u..w.\.o\ v poRrO P Y/ .‘%\S” = e W&AW&.&.}S\W\ \W\\.\v va JOves2BOl N
cob | ﬁ | _ ‘v _ _, _ : | X .
e .«.A AT ”. ﬁ\Lw . Mi‘ == z_: - 3 . - _ — . m.. . RS _7 L
T .-ZIH.,HAKM.V : ~ . _ “_ __ , 1 Lw M o
BRI I L] | 7 B S
N i ! | i : i
_ [ ' i . . : N _, _ ; J M . | . _
, .N_..w\ 1589 f | _, : R * AW ®dvvinpuy 1935]
Bt e e I A SENIIERE L vensmsuey 19
. D Cosa smen)| o " lgzle | || Y ! a6v3 09 wenvIiat Uﬁt"ﬁ.:‘.v
R T T T peesieaanissy 11g wAvS o3 dwl
: , P _ “ m ] L [Yeravoper sumssay 1o o3 vl
SERrEE L T | shrms ve peads sppirs oz omy
i / K S f\ﬁw%wwx‘ﬁ auq\uwxuaa@,\ 2720
varepdenisit Jubis wosy pagerryey B L Rl B T (325/97) = vr o914
* . * N |ex]° N R M . ﬂuvu\ﬂvﬂ o/ ally
] _ i ;e 2| /|~ (37 Isnwysr 35N
PRI D Ayny I IS B R P (@7 PsmayL Sseen
) ’ 1 Aeq po ut
2 2 VA sl 7|7 |59 eommrass=y 7o7
/ N |eE| @ 2 V.4 oS ﬁ(\u.% "SS94) 212%2¢ /13
2l |r |oglb]| A | 4 |Fzo |(rsa) 550y /o7 Jorir 308z
vibu s 37 day A 7377T
Al |2 jerHorq € E | 4L [)evbNz2 3) 2 ¥dng 73777
Az r>wy Alaln lodaud 8| 7 | & | (79 For e pyez svbys
TIHIAPPY 3 IRUFa BT |AFANTIFT| ﬁﬁu w/VONL VLT A LS A7 A47 775607
SANTwwod Ekid 5 A A o o n.w.uﬁ‘uu_nu\d!ﬂ TODWASY  NOILONIISTT UILTUWH VS
E S0 NS E &N‘.Q
: wi\bﬁ INIONT

i

T AYVWWAS  SINIWIIINOTY

NOTLVINITWAYLSM

B-11




R

SNO/ILGO>O? FPTFOYO NOIAYLN PO VLIS 82§ ON PN/PNT
Vs INb Pl _ . L ONE Ve~ Ne‘ibss T3979 oI
Z-7Fsy

&L-2-7

Report No. 79-106-39

CMEP 95-4120

B-12

GAE

. \l /795
Z-£2 764
. - TE 4
——
87z .QQA
.\wQM. /
P A NIPINO
kil%&\%%\bﬁ%\\\u\h\\

WALIALES  ONINOOT SMIIA 7T *FLON

DInsvyITOIL N
| PIASSTAYS 214045 ©
FINSSIVS 70402 O

9

..l Williams Ressarch Corporation




o
)
i
O
o
—
o
< ‘ SNO/LY¥DOT7  F& Qw\\ \.\ O/L &L QN&\xCRhS\\ mNm o FIN/ONT
I ' dL-9w \ yopy .\n@, \!\\cs\k\w \ (F¥no /Lo O &
& = ENS BON L $Zsd
o4
By m. £-sama~_328/ €- ms;\kl/wr 9/ E-suss l/.rv%\
m %nv T-20ML
| &) T 78NS / J r-$ Nhn\//
K .
—t
1
m
A-FINS A-Rons
/-FEN - ’- u&f /-s¥ésa 0
LEPHL S A ON/YOOT SAMTA 77 P FLION
R S ooy vy | -
TN ¥ \
o
H

,

PVOL S IITIL N
PIVISSAYS 2/4048 ©
PINSS Py TVats ©

L)

l.. Williams Research Cor




(o))
™
]
el
o
—t
o
o~ _ - : .
a. 1a5] SIS0 29 v oniRoseleseszr]| La] o5 x5 2y4us sooyivvor| B | o462 o
nw. m P OC/HLY Y P TTLSAY| \ 9
Vo] s PP PSTAVIH
o 4D —d k&% Yow oI d
~ 1037) S187 r 4 o3 og 0L A\ ns P hwe 2o PRI w7 ~
a0 T . i % \‘\ X4V ks (&3 4 84 A WOPND
= Q. s XYW\ 05 2632| % v TVl X FACBALPY 7D
=0 M‘w 32|%az) 45| 65 o | 75 INIPY L/ 18N DY W IO 1~
O o sigqoe|oe ghnow % (3 oh.! !hww LV EUS N PIST PN ar> »rL2
FF7 F o 2T
\EHNN\.\ ‘Do Fou w2V L4
NOLLRUMND 77O Bk AT AT
Twe #9/998 nigyo
Yrioeloe|ov A | €7 59 (0805 7)) 554 o2 LN 72
ﬁE\k Wl D7 b O]
—.Wn N (0,070 ) No14¥>92 78 535 * ™
%y (0, &35 =2) wivs isnsoH] os> |u
hw.m“ oS 78 orr o’ NOILSNEI 7D PA DN £z |w M
_w“.t Yy} oz 263N L5 | &S| o | s o> IrNL 1
7 : ; @
ov \Qh\.. h“ﬂn -ﬁ\ Q\“.\ Wil swy or % Q&\ ¥tﬂﬂk VAN IOLL WL NI AIL NS s

POMpw MIPUSAS TFOS as¥| ¢¥O g

ZI5dt; ~NorlEFEIF .
L NN O ANT MR\ ££€rly
ALY DNV DMNIAOIPAL B

(> e s wwrwrrys| | 222 |»

LNOG NS O 5y, .
g asAT ZPow INeaIVL & 54D

2

[ & L4 75 | 00 O0F 72 Sexmus €7 004 04 P
oN \\\ \.\Q.Q (AW S o] R RIBY Bttt ZiF A ooml £»> |,
onv o | /s aye i) v 75 (@70 7)) £saespysarss [2mm| 4452 |8
§ o S _W‘ [} 7 gav| vrd 7 oy e \owm| €45 12
m o xowl o | gy 75 e |23 zo4> |2
NOILIPVO TS oL SAT N
nw Barsrrs gais J 7023 duml 7 frx|S
2/ 27 P
£ IS i R CEER U
H v ovlowo 1244l 7S | (o, O w2) MY Hs b IT | OIN 2T A | €
M Tpvsrws AW NOLIRI SN | Opm) s 724 > B2
m ov oo |ov s | owy s Py Iam Ty a b 7 SN I
8 ' P 1% 2 1 (7 |Ss ] seoad] oy, 77
2 g e ey i -2 AL L3 v 2ars on
s Coerd PreZ vy PO LY POAL
2z H““ ,.ﬂﬂ“\ vy | v ‘D\Mﬂ\ -Lin -yad o, \.\\i l-\h"; -4+ n\kui NOIULIFISIT LSIL Py it
“— 4Ltz ¥ TR T O LTINS GEP N IINT TEIE W ACHL | TWT TFViewIE Zwd W O7IVITT O Wh IV
[ |




o)}
™
]
O
o
—f
]
o W i
~N = — = =
— .
* O
V2
[Te _ -1
o 4
M AP | PIVE & P . TR PAL PP VoI LN r Y
o) 3, A 1 AD Py 57 |4 rvRler P b Ty > sk 7o A A THm WALt NPy Ay Obrt A FioM
m [J) ) fb\\ S PIPLEP 5 FIE § 2 hF\Rk o-& SOTD SE P\ 7P O TPOP> AS Tl Wi PL AT YAS
O T# | FH7 A7 773 =77 oo T FAYIA. i FFrEe Fasm S R AT s
S 3§ FAEFY 0 ...MT.\- P 7F ITL = TP T 50 Kod A7 TZeT
‘usAws el i NL ¥y s FMNodior WL\ CRVer NOLLY W IO AN LAV ML PP FOA LD ONL Yl 12 L®
2 ql\y\§ 554 FH 22 27 A~ F (58 TZTIA TS FI¥ nﬁa.ﬁ&a
L
?
AOLrLINTNOD O LSO /A ._b
" e~ 1551 ik oS oy | wrles (X642 ors| 5|0t 75 Aoy s 80 N B IH> Y Py nm
v Ao )R R 0B SA L7 M3/]
P apa cvo P24 243V = el
787 =
N OLLGIPATNED Tro Pk O 4ss O oroh2-d] I/3
L [Ze:lery-| 0000 gwviwriseczigeey oo | | 09| ¥o° At OF FOOD) L
I-£ K $-& o€ 9 DEE
N . .“.W <5 2.f A oL oy PIIA> Al g0 9f|
1T SIYHEsIv| 'Y gwy| Zgs+ w...nnlm.sn &—|oe-] os| ¥sYl LDesS DO YLV E#2¥ st
PIPI VD P het SN/ T \...N.N K
v -
S 2 Bk K L B ol
..m. o 51 i bl Y|Pt \oss| 232| 077 45| oL*] IS N OI LIt Sk FPOTY z€
B T T YN W F YTy —
m W\Mlh\\\.\ 10 POy Pd] didd K
.w NOUGwrITROI 10 Rinel o) “w- L&
£ * xo: | ss4-| 00| oe owe| ovilsees|9zazl o9 | w| 09| Yo’ NmoT 708 [ 24
S .
g 15| 2-5lg vl 29 .h-H\ LL % o K Soous sera 2o gL AZE 02
4 N&\.]
o» Y| (f) (e ssmn] 8/ | (%) p—5
s ‘w\!ﬂm Wi B2 el e o e G| o xlhﬂ&. Fovee | ZEN20  wOruwivosRs  isa \ﬂxh iyl had
H rzz o] oy | 47 | W lere sead | Sona| S vred | why ks vwe | ano At >
m 8LL " T e T W LW TT5 NE IWINT [F2E W LSP2 MATIVS ASYWINS LSEL NOILYorTomME o -IPT - Lo/
-




I_! Williams Research Corporation CMEP 95-4120
Report No. 79-106-39

1 November 1979
F ATTACHMENT No. 1
, Engine S/N 828 0il Consumption Measurement
1
P-4 The following procedure is intended to give a good measurement
] of oil consumption during the portions of testing on engine
;| S/N 828 indicated in the following table:
4 0il System
e . Summary Sheet Test Engine Engine and 0il Type
Required Item No. Description only Aux Tank Eng  Aux
X 16 Pretest Calib X ' *
3 X 27-29 Mission Sim Hot X *
- Recertification
;| X 35-37 Mission Sim Cold X "
,i . Endurance
¥l X _ 40 Recalibration X *
g Base Line Check .
. X

*0il type is MIL-L-23699 :

The table specifies when checks are required and whether check is
only using engine oil system or both engine and the auxiliary oil
system. Oil types that will be used in the main tank and the

o auxiliary oil tank are indicated in the above takle. For each
9 consumption run, it will be necessary to document the specific
‘ gravity of the oil in the engine before and after the run in

order to accurately compute consumption in gallons per hour.
These specific gravity chesks should be made after the oil has
3 cooled to approximately 75 F. All oil drained from the system
is to be retained and returned to WRC with the engine. Each
container is to be tagged as to which part of the engine it
was drained from, date drained, and time drained.

ax. X

Detailed procedures for computing consumption using engine oil
system only and engine and auxiliary oil systems together are
provided below. In calculating the oil consumption for the
test using the methods defined below, care must be taken to
determine the exact amount of oil®put in the engine and drained
from the engine. For example, if the o0il is put in a beaker

or graduate for easier pouring into the engine, that beaker

or graduate should be weighed clean, with the oil in it and
after the oil has been poured into the engine. 1t takes very
little o0il clinging to the container to alter the measurement.
Some rough checks indicate that 2-3 grams cling to the container
every time it is used, and this can represent 10 to 15 percent
of the oil usage during a 20 minute run.

.. W
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m Williams Research Corporation CMEP 95-4120
Report No. 79-106-39

1 November 1979
Attachment No, 1

Page 5

1.8.12 De%grmine the volume ol oil in the engine a¥x the
beginning of the test from the weight in 1.5.5 and the
specific gravit) from 1.5.5. Recor gallon
1.8.13 Determiné\the volume of oil iN the engine oil

k at the end of t test from 1.8.4 a

a0

8.15). Record res . L]

1.9 NOTE: Before erating engine agai be sure
engineNlas been serviced w¥h oil.

2.0 OIL CONSUMPTION MEASUREMENT - Engine System Only

2.1 The procedure for performing an oil consumption check
using the engine oil system only is defined below. Steps 2.1l.1
through 2.1.5 must be completed within 30 minutes of shutdown
following an engine run equivalent as a minimum to the warm

up run defined in attachment no. 2.

2.1.1 Drain the engine oil tank and the 2-3 cavity for
eight minutes if not already drained. Replace the oil tank
and gearbox drain plugs.

2.1.2 Weigh the empty container that will be used to add
oil to the engine. Record weight .

2.1.3 Add 825 ml of the oil specified by the table above
to the container and weigh the container with the oil in it.
Record weight .

2.1.4 Pour the oil from the container into the engine oil
tank. Then weigh the container and record weight .
2.1.5 Determine the amount of oil added to the engine by
subtracting 2.1.4 from 2.1.3. Record . Measure

specific gravity of oil from the batch of oil used. Record

iihar ok aniiods




m Williams Research Corporation CMEP 95-~4120
Report No. 79-106-39

aamg.

; 1 November 1979
Attachment No. 1
Page 6 -
. 1

2.2 Perform the engine run during which oil consumption is to 1
ba measured. :

&
| 2.3 The following steps are necessary to determine oil consumption 1
N after completing 2.2 above. i
F, 2.3.1 Weigh the container that the oil will be drained into 1
and record the weight . :
2.3.2 At 10 minutes after shutting the engine down, begin P

draining the oil from the engine. Drain both the 0il tank and
the 2-3 cavity into the container. Drain for eight minutes.
‘ Weigh the oil and the container. Record weight .

iﬂ 2.3.3 Subtract the weight of the container 2.3.1 from the

| weight of the oil and container 2.3.2 to obtain the weight of

& the oil drained. Record weight . ]
2.3.4 Subtract the weight of the cil drained from that of
the 0il added in 2.1.5 to determine the weight of 0il consumed. K

' Record .

‘ 2.3.5 From the weight of oil consumed 2.3.4, the specific

gravity of the oil 2.1.5, and the engine run time, calculate
the oil consumption rate in gal/hr. Record . ;

2.3.6 Install the drain plugs in the oil tank drain and the
2-3 cavity drain.

2.4 NOTE: Before operating engine again, be sure engine
has been serviced with oil.

jb/hr9
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BBE witisms Research Corporation CMEP 95-4120
— Report No. 79-106-39

ATTACHMENT NO. 2

ENGINE WARM UP RUN

5 September 1979 '
Page L of 1

1. Service engine oil system, if required, per direction of WRC.
2. Air start to idle.

3. Run 2 minutes at idle while checking engine health parameters.

4. Accel to 60K N, ~ run 6 minutes minimum. b

S. Decel to idle - run 2 minutes cooldown. ]
6. Shut down.

7. Drain engine oil - minimum drain time is 8 minutes to assure ]

thorough draining.

jb/hro
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16 November 1979 CMEP 1-0786

Department of the Air Force
Aeronautical Systems Division
Wright-Patterson Air Forcec Base

OH 45433

Attention: YZET/Charles Hutcheson

Subject: Transmittal of F1l07-WR-400 Addendum
No. 1 to Fl07-WR-400 Run Program No.
QT21 to Naval Air Propulsion Center
(NAPC)

Gentlemen:

Attached are two copi2s of "Addendum No. 1 to Fl07-WR-400

Run Program No. QT21," dated 15 November 1979, This addendum
pertains to addition of oil tank pressure instrumentation to
and revisions to engine operating limits for engine No. 328.
I am forwarding this addendum to ynu for your review and

~ transmittal of a copy to R. Burns 1t NAPC upon your aceaptance

of it.
Sincerely,
WILLIAMS RESEARCH CORPORATION

T TSl

F. L. Sole
Sr. Deveclopment Enginecr

R. B, Balsley
Program Manag

mr/mrl
cc: Letter and Attachment: Letter Only:
R. Lewis P. Wood D. Best
R. Burns (NAPC) R. Stephens D. Merry
B. Beckett R. Conley
Attachment (s)

2200 WEST MAPLE ROAD + WALLED LAKE MICHIGAN . 40090

CMEP 95-4120
Report No. 79-106-39

AREA CODOT 31) 6240-35200 © TW NO 810 2312 1851
»
b
‘ B-20
a”
P . - ——




_l_l Williams Research Corporation CMEP 95-4120
: Report No. 79-106-39

s

R

ADDENDUM NO. 1 TO
F107-WR~-400 RUN PROGRAM NO. QT21
15 November 1979

it S o SRR

Reference: F107-WR-400 Run Program No. QT21l, dated
6 November 1979

The purpose of this addendum is to provide further definition
to the testing required on Engine No. 828. The testing is to
be performed as dafined in the above reference with the
following exceptions:

1. The following instrumentation is added to the instrument-

ation requirements and is to be read by a facility transducer. i
Control 3
Parameter Total No. Total No. Range Steady Trans- Room
Designation Symbol of Rakes of Probes Min Max State _ient Monitor

Prassures (PSIA)
OIT Tank Pressure PIANK 1 1 o 40 Vv / v/

2. In paragraph 1.8, Engine Operating Limits of reference A,
the following engine operating limits are revised to the values
indicated below or added as indicated below. If not listed
below, the limit remains as cited in reference A.

A B
Advise WRC

Parameter Representative Shut Engine Down
Revised: X
#1 Brg Temp* 300%F 350%
12 & #3 Brg Temp 450%F 5250F
#4-5 & #6 Scav Oil Temp  450°F 525°F
0il Pressure (Min) 40 psig 30 peig Steady State
0il Pressure (Max) SS 120 psig 200 psig
Vibration Inlet 15 g's ms 30 g's an any

two channels
Vibration Triax 15 g's ms 30 g's on any

two channels
Added:
0il Tank Pressure Graph to be provided with engine 4

Versus corrected LP rotor speed O

i T . - ey Ty ST T e oo .
£z o P2X N o A A il RS i N TR Y
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Report No.

Addendum No. 1 to F107-WR-400 Run Program No. QT21
Page 2

*Bearing temperature limits in Column B are to be compared to
the coldest reading when two readings are available.

3. Items 1-2 above are exceptions to paragraph 1.9, Governing
Documents of reference A.

mr/mrl

79-106~39
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Report No. 79-106-39

sfuli] .
— Williams Research Corporation
25 March 1980 . CMEP 1-0935

Department of the Air Forxce
Aeronautical Systems Division
Wright-Patterson Air Force Base

OH 45433

Attention: YZET/Charles Hutcheson

Subject : Transmittal of Fl07-WR-400 Addendum
No. 2 to F1l07-WR~-400 Run Program No.
QT21 to Arnold Engineering Development
Center AEDC

Gentlemen: .

Attached are two copies of "Addendum No. 2 to F1l07-WR-400
Run Program o, QT21," dated 25 March 1980. This addendum
deletes environmental vibration test requirements for engine
No. 828-6 to be tested in April 1980. I am forwarding this
addendum to you for your review and transmittal of a copy

to J, FPergus at AEDC upon your acceptance of it,

Sincerely,

WILLIAMS RESEARCH CORPORATION

P. L, Sole R. B, Balsley
Senior Development Engineer Program Manager
mr/ha2
Attachment (s)
cc: Letter and Attachment: Letter Only:

B, Cockshutt P. Wood

R. Lewis B. Beckett

J. Fergus, AEDC D. Merry

R. Conley

2200 WEST MAPLE ROAD - WALLED LAKE, MICHIGAN - 43088

ARG A COOR 313 62¢-3280 ° TWII NO. 2160 2382 -1881
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ADDENDUM NO. 2 to F1l07-WR-400
RUN PROGRAM NO. QT21
1 25 March 1980

| Reference: A. F1l07-WR-400 Run Program No. QT21l, dated
6 November 1979.

B, Addendum No. 1 to F107-WR-400 Run Program
& No. QT21, dated 15 NOvember 1979,

The purpose of this addendum is to provide further definition
to the testing required of engine No., 828-6 during April 1, 1980
through April 15, 1980. The testing is to be performed in its
entirety as defined in the above references, including a cart-

i ridge start at the beginning of each cycle. Exceptions to the
i definition are as follows:
. 1. Paragraphs 1.2.1, 1.3.1, and 4.3 and Item No, 12 on the )
Test Summary Sheet of Reference A which pertain to the <
environmental vibration portion of the qualification test ¥
; are deleted.
2. Item No, 1 of this addendum is an exception to paragraph
4 1.9 Governing Documents of Reference A.
1
1

mr/ha2
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KJE]E! Williams Research Corporation
[— —

9 April 1980 CMEP 1-0951

Department of the Air Force
Aeronautical Systems Division
Wright Patterson Air Force Base
Ohio 45433

Attention: YZET/Charles Hutcheson

Subject: Transmittal of F1l07-WR-400 Addendum No. 3 to
F107-WR~400 Run Program No. QT21 to Arnold’
Engineering Development Centier (AEDC)

Gentlemen: 3

Attached are two copies of "Addendum No. 3 to F1l07-WR-400 Run
Program No. QT2l," dated 7 April 1980. This addendum pertains
to replacement of the fuel control and continuation of the QT
Phase II WR-400 mission simulation test on Engine No. 828 that
was terminated on 2 April 1980.

I am forwarding this addendum to you for your review and trans-

mittal of a signed copy to J. Fergus at AEDC upon your acceptance
of it.

Sincerely,

WILLIAMS RESEARCH CORPORATION

T Lol Ve ~

F. L. Sole R. B. Balsley

Senior Development Engineer Program Manager

ls/tc2 j
Letter and Attachment Letter Only

cc: B, Cockshutt P. wood
R. Lewis B. Beckett
J. Fergus, AEDC R. Conley

2200 WEST MAPLE ROAD - WALLED LAKE, MICHIGAN - 40088

AREA CODE 3t) €24.82300 © TWOQEK NO §10 232.1881
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ADDENDUM NO. 3 to Fl07-WR-400
Run Program No. QT21

7 April 1980

Reference A: Fl07-WR-400 Run Program No. QT21, dated
6 November 1979

B: Addendum No. 1 to Fl07-WR-400 Run Program
No. QT21, dated 15 November 1979

C: Addendum No. 2 to Fl07-WR-400 Run Program
No. QT21, dated 25 March 1980

The purpose of this addendum is to provide further definition

for the testing of Engine No. 828 currently installed in cell

T-5 at AEDC. Testing was terminated on 2 April 1980 due to a

lack of engine response when a change of power level was commanded.
The fuel control was removed and is to be replaced. The test is

to be continued as defined in the above references with the following
exceptions.

’

1. The replacement fuel control and a set of ignitors shall
be vibrated on another engine as defined in Paragraph 4.3 of
Reference A prior to being installed on Engine No. 828.

2. Upon completing installation of replacement fuel control,
the engine is to be started to idle and a leak check performed.
Repair leaks as required.

3. After completing Step 2, check engine trim by performing
a slow accel to +3.65 VDC PLA or engine operating limits (whichever
occurs first). This shall be performed at Reference A test
summary sheet Item 16 conditions (SL/0.70 standard day with 5.0
shaft horsepower extraction, bleed, and a clean inlet.)

4. After Step 3, adjust engine trim if necessary (reference A

test summary sheet Item 17) to HP Speed = 62,550 - 0 rpm
at +3.65 VDC at SL/.70 standard day with 5.0 shaft hor&gsower
extraction, bleed and a clean inlet.

S. After Step 4, perform a three point engine calibration
(Reference A test summary sheet Item No. 16 except perform only
top three power settings) taking two data points at +3.65 and
only one data point at each of the other two power settings.

PP

JREPPICT V.




BBE  Witiams Research Corporation CMEP 95-4120
— Report No. 79-106-39

Addendum No. 3
7 April 1980
Page 2

71 6. After Step 5, at the same flight condition and engine
loads as Step 5, perform a rapid accel - decel from -7.15 to

‘ +3.65 to -7.15 VDC PLA with a 60 second stabilization period

i at +3.65 to ensure speed at +3.65 is repeatable (within 75

RPM of trim speed). Adjust engine trim accordingly if required

until speed is repeatable.

7. After Step 6, replace ignitors with those that were
\ vibrated in Step 1. Also inspect engine for fuel and oil
leaks and repair leaks. If repairs are required, perform a

-, check run after completing the repairs (Item 24 of Reference A

i

4

i

]

—

test summary sheet).

T g IR e =

8. After Step 7, perform a final leak inspection if a
check run was performed and service oil system if no further
check runs are required. (Item 25 of Reference A test summary

sheet.)

9. After Step 8, perform the mission simulation test
as defined in the above references from reference A test summary
sheet Item 27 through 41 except a compressed air crank start
in Item 27 shall be made instead of a cartridge start since

<t

) a cartridge start was already performed for that item on
y 2 April 1980.
. { ;
10. Steps 1 through 9 of this addendum are exceptions ;

‘ to Paragraph 1.9 Governing Documants of reference A.

1s/mb2
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) REQUEST FOR OEYIATION/WAIVER SaTe PRgPaARED PROCURING aCTIvITY wO
; 1SEE WIL-5TD+ 40 OR 81 FOR [RSTRUCTIONS) 28 June 1978
'*D l‘ e —
Wl e e EqF4h Corporation " Y oeviarion aaiven
2280 W. Maple Rd., Walled Lake, MI 48088 "D""‘“ g..m DC"”“
4. DESIGNATION FQR QEVIATION/WAIVER 4 BASE Lin€ AFFECTIO + :::f;-“:mj:é;?;
e wOOLL/ VP E b arm, 200C €. SYS, OL31G. |4 BEvienIvad wo i !
See Blk 6| 24235 $ee Blk 6] 0-002 | [Jmvw. [Bae el Fes Ow
1 RSS—— ——
7 SPECIFICATIONS AFFECTED-TEST PLAN 8 ORAWINGS AFFECTED
wR COot SPEC./00C. MO SO wa. CODR gt R i oy ~NOR, NO.
'::1 . SYSTE™
b TEe
e. TEST P an /8 m
Subselvhed Wi¥kle plated conduit assemblies V0T 1%5="782¢2h 2%
to meet cCOrrosion resistance requirements LIN
T TORT T SNAT IOk T TOs RGANCLATONY ey
Engine,‘ Tuerfm" , [VE CO Wb, |13 oVFtcT wd | (4. @ ASSIFICATION
F107-WR~ (noted) N/a | n/a | Cwes [gluvon [Jonrica
vy waml 3¢ saul 08 \OWEET ASBOWELY AFFUCTED 14 rent ug, 30 TYHY OLHI& )7 QT NO. |18 OTY 19 RECUARING OEVIATION/walI VER
Fuel Control, Main ves o
H EFsECr on C OEL i v 4
To Be Negotiated See Block 24
S UTIIY 56 IRTUSRATED LOSISTIC SPPORY. RYORISE. T,
None

73 DCSCAIATION OF ORVIATION WalvER
Reference: Woodward Governor: Request for Deviation No. WG-D-002

Woodward Governor Company, supplier of the F1l07 CME Main Fuel Control
Units, WRC P/N 23850 and 23860, requests approval to rework their
Conduit Assy, P/N 5439-062 by applying electroless nickel plating

per MIL-C-26-74, Class 1, Grade A (.00l thick) to the two end fittings,
reidentify the assembly as B/N 539-70, and substitute for the P/N 5439~
066 Conduit as P/N 5439-70, and substitute for the P/N 5439-066 Conduit
Assy specified on their 8061-007 and 8061-009 parts lists.

\ e,

4 YEED FOR TEVT AT ORI wAIVEN

The primary need for the proposed deviation concerns the F107 Component
Qualification Phase of the 23850 and 23860 Fuel Control Units which is
currently on stop. The 5439-70 Conduit Assy will be a rework of the
present 5439-062 Conduit Assy with electroless nickel plating applied
to the Type 410 cast and Type 416 wrought stock ends, both of which
evidenced corrosion during qualification humidity testing. The action
taken to correct the corrosion problem was to change the materials from
Type 410 cast and 416 wrought stock to Type 347 stainless steel cast
and machined ends.

(continued on Attachment A)

H ®OOUCTION EFFECTIVIIY @Y A, el

See Attachment A

Deas sl AAs 28z _7
DD . .1694 / Aé..., o crmce e o o
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Report No. 79-106-39

ATTACHMENT A Request for Deviation
No. WRC D=002

BLOCK 4 & 6 DESIGNATION FOR DEVIATION

a. MODEL/TYPE - This deviation is applicable to Engine Models:
F107-WR-101, F107-WR-102, and Fl07-WR-400.

b. SYSTEM DESIGNATION - This deviation is applicable to Systems
designated; AGM-86B, AGM-109, and BGM-109.

BLOCK 24 NEED FOR DEVIATION (continued)

The secondary need concerns continuation of the FCU Component
Qualification Test (currently on stop) and utility of available
hardware. .

Complete conduit assemblies and end fittings of Type 410 and
Type 416 stainlaess steel are available for rework for all the
FCU's presently on order. The electroless nickel will provide
the corrosion protection required by the specification. Inter-
changeability is not affected.

Approval to implement the rework and use of existing hardware
will permit resumption of component qualification testing and
deliveries without further schedule delays, and thus provide
sufficient lead time to accomplish the incorporation of Type 347
corrosion resistant stainless steel end fitting for subsegnent
production follow-on.

BLOCK 25 PRODUCTION EFFECTIVITY BY SERIAL NO.

Fl07-WR-101 S/N E000321 thru E000342
F107-WR-102 S/N E000101 thru E000122
F107-WR-400 S/N E000701 thru E000758
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JOINT CRUISE MISSILES PROJECT OFFICE
WASHINGTON. 0.C. 20200

2 = IN AEPLY REFER TO
JCM-850:JR

g
Ser 823
15 GeF WM

From: Contracting Officer, Joint Cruise Missiles Project
To: Williams Research Corporation, Walled Lake, MI 48088
Via: DCASO, Williams Research Corporation, Walled Lake, MI 48088

Subj: Contract N0O0019-78-C-Q206, F107 Engine, Deviacion - 001 and -002,
PCOL-E~78-138 .

1. Subject deviations have been reviewed and are approved contingent upon
WRC's acceptance of the cost/price which is "to be negotiated” at not
greater than zero cost to the Government.

\ B S0 .
\J ﬂ) 78
"-'l.u;”( AP

Rk

Copy to: LY wrien. USAF

WPAFB (ASD/YZ107) ..:.._if/f._ J1C '\, G

Local WRC Rep Lamher st ian Ofl(:(,r  anaiect
;0% Cruise wingiiss Tro)e
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RECUEST FOR QEVIATICN/WAIVER
CS8 SIL-STD. o80 CR L1 PUR FYSTRUCTIONS)

DATL 7 NEPARED

20 April 1979

CMEP 95-4120
Report No. 79-106-39

WCURING aCTIvITY N0,

williams “Research Corpeoration
2280 W. Maple Road, Walled Lake, MI

I
=

<

t DEVIATION

—
D:n v

48088 ’:mm E""“ Gcmr-c&

4 ESITNATICN FaR TEVCAT. UNSaAl L ER

R

ey s
15 8a8€ _:NE aFvECTEC . ITHER SYSTCwe/CONG:I Q.

a. MIDF . TYPE 3. WIR  “OCS Te. 9YS. 3E31G. |4 ICv/eeavih we
" « !

RATION | "DuS AFFECTED

! . D- N e . 1 ~=00.
24235 | D-0L4RL | hws, [Maw, i Ores A
A T —
3IECIF I ZATICYS SSFETTEO-TEST 2L aN 3 JHAwisGS AFFECTED
RENeNRd },’*“‘] we coci | SPEC. NOL. N0, | ET4] wa. coot | LY 1] agv. ~OR, MO,
. SYSite | IED2N
M NP : il

oTEm

c. TEST Pyam |
3 tiTed Or dvu'lwluvll

Substitution of Solid Raw Material
T ERTTGRRTTOR T RO ATGRY

N0 13<78=E26206
e CLIN 000222

b= 0

Turbofan Engine

7ECY wp [ 14, CEF ASSIFI [

[TY.e8 "8, ¢,
N/A N/A iR mm Dcnmcn.

wam) )¢ sadt 08 (JUERT JS3BNBY ASPLCTED

éas Start Conn. Block

8. TTPECY On COSVIRRIET
At No Change in Estimated Cost & Fee

e s |&7x %0. |18, aTv 20 ] n(m:mn atvunwuﬁm
‘1 NﬂﬂﬂgW‘Ln CTy g

.See Block 24

T [y . . ST,
N/A .
3. o(IcAIPTION OF DEVIATICR/ wal VR - ¥
Allow parts to be fabricated to casting print requirements, except
use $347 SST), 03-221 (Plate, Sheet & Strip) or (03-222 (Bars, Wire),
in lieu of configured casting, (347 SST) 03-241 (Investment Casting).
*4a; XFl07-WR-400 *4c; BGM-109
XF1l07-WR-102 AGM-109
XF107-WR=-101 AGM-86B
J8 L A g, AH-W CYRTL)
Lead time for investment castings will not support initial pyrotechnic ’
development schedule requirements.

T3, J90GICTION CFFLCTTviTe &7 SIRTAL Faedth
XF107-WR-400 (S/N 826 - 834}, XFL07-WR-102 (S/N 200 & 201), XF107-WR-101 (S/N

:Zzzz::QEEEEMﬂumznm -

27  APPRQVAL.

TITLR

/7400 & 401

. Al
; 574'! ="l
3t ROVAL

D APS00VAL SLCOMMENOLD

T AVURRRY YT

D Ci3arsn0viD
JATL

DD.uir.1694

U, 5. COVERRUMENT PRAINT™NG OFPICE - 1008 O « 379009
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REQUEST FOR OEVIATION/WAIVER AT sagranto PROCLRING ACTIVITY 4O,
(388 IL-STD-ad® OR 48t POR IASTRUCTIONS) 2N°V.lll.b0r 1979

T S— —
) 3 0N Mamll AnD AOORESS 2. \ .
Williams Research Corporation > L L e
2280 W. Maple Rd., Walled Lake, MI 48088 TJuwon fxgjuason [Jenricn

3. 0aSE LINE AFFLICTED 6. OTWER SYSTEMS/ CONF 1 .
4. DEJIGNATION FOR DEVIATION/WAIVER eI ot T

8. murv-t' b, wt. COOL €, 3Y3. DESIG. |4, MMv/uaiven ne.
See Attacp A 24235 (5% | op-os1 (OO (e Ot O IO«
O

%w
7__SPECIFICATIONS AFFECTED.TEST PLAN 0. DRAWINGS AFFECTE
e, Cont WEC./00C. NO. O [d et "y,
o gvaTeM 24235
b T N/A

€. TR Man

viaTtOn/waivi

Spark Ignitor Traceability
T ey TGRSR TV R AYORY

[TT.C8 W, Jis. e, o ASSIFICATION
Turbofan Engine N/A Dmm )@M Dcmncn

s —
T4 samg 0F PAET 08 LORCET ASBENGLY MULOTER I"- s0atT ue. ob TYAL ORS:6 [17. QT NO, . 19. MCURRING DEVIATION/ WAl VER

Engine Assembly ee Attach A
BT & SsTmel

No Effect

No Eflect
3. OCEECNIATION OF DEVIATION WAL VER

Allow use of serialized, nontraceable ignitors in engines remaining under
the FSD Program.

¥
:
4
3
:
2
K
3

a W viaTY waivEn

The vendor, Champion Spark Plug Co., has notified Williams Research that
they will not provide traceability for their igniters. The vendor states
that it would be difficult to undertake a traceability system for just
one igniter type and that their present inspection system combined wi=<h
the testing required by the WRC igniter procurement specification is
sufficient to supply a quality product.

ICT oM Yivity by 'y

Sio Attachment A
g - ¥ o) ig% .

4
SPPR0VAL NECOMMENOLD D o1SarreoveED

e O ST ; N
: JL. /9 Nov 79
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ATTACHMENT A

_ D-051

7{ ; UCTION EFFEC

h MODEL/TYPE SYS DESIG ENG B/N CLIN ENG S/N

~ XF107-WR-101 AGM-86B 1022951-106  0002AA 325
XF107-WR-101 AGM-86B 1022951-109  0002AA 1. (TBD)
XF107-WR-101 AGM-86B 1022951-110 0006AK 326

' XF107-WR-101 AGM-86B8 1022951-111  0002AA 400 - 402

iy XF107-WR-101 AGM-86B 1022951-115  00l2AA 326

} XF107-WR-102 AGM-109 1023700-102  0002AA 105

‘ XF107-WR-102 AGM~109 1023700-108  0002AA 1, (TBD)
XF107-WR-102 AGM-109 1023700-109  0002AA 200 - 202
YF107-WR-102 AGM-109 1023700-111  0002AN 122°

- XF107-WR-400 BGM-109 1029110-107 0Ol2AA 706

1 XF107-WR-400 BGM-109 1029110-100 0002AJ 815
XF107-WR-400 BGM-109 1029110-106  0002AA 1, (TBD)
XF107-WR-400 BGM-109 1029110-108  0GO0ZAA 826 - 829
XF107-WR-400 BGM-109 1029110-111  OOl2AA 706
YF107-WR-400 BGM-109 1029110-100  0002AC 814
YF107-WR-400 B8GM-109 1029110-101  0002AC 722
YF107-WR-400 BGM-109 1029110-109  0002AC 723 - 756
YF107-WR-400 BGM-109 1029110-110 0002AC 816 - 822

LR Y P Wy

<

- RNl
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o

REQUEST FOR DEVIATION/WAIVER 3ATL ragrantd PROCURING ACTIVITY NO.

‘SRR VIL-STO-480 OR .81 FOR [NSTRUCTIONS)

10 November 1978 -
N

1 OBIGINATON Nal anD sOORESS 2.

Williams Research Corporation : EJ:J““‘"" ] eurven

2280 W. Maple Rd., Walled Lake, MI 48088 [Jumor  [guasor TJenirica

- . -

. mvml‘ ’:’::‘::lo:: ’0'"02"“;:;/.‘“l‘\.":"-"“ "o B ek i wrreTto ¢ 335;573&-‘15:3‘:‘3'

. 24235 . w-036 | CIms (K& 3 s X
J

1 . 1 IIICAVIWD-TESY PLAN — 8 ORAWINGS AFFECTED
F - wrR. coot €C./00C, NG, N MER . COOL AMBE R Y. NOR. WO .
- a. SyaTpw
B LS, )

o resT sLan N/K hill
i e st NBO019=78-C-0706
by Waive Bearing Traceability Requirements

TTTSTTENLY TSR T PO RO ATORY
e ) = e =] e :zm———
‘ See Attachment A N/A Eg []cm,mg

TN At OF PSAT 08 (ONEST JISEMELY MFICTED 16, saut we. ON TYRL MUIE [17. LOT O 19, AECUARING OCVIATION/WA! VER
f Bearing * N/A O Cam T
. BT T & R Tt ~—
H To be nggotiated

. 0 t [X o1 . .
None s

23 OCACHPTION OF QEVIATION wal V(R

Allow use of bearing listed on Attachment A. These bearings are
serialized, but do not have full traceability.

*See Attachment A

IT IO 0% OUVIATION/waAIVER

The bearings were purchased with no traceability requirements. Sub-
sequently, the Government directed WRC to provide fully traceable
bearing, a requirement which can not be met with current engine test
and delivery schedules. All bearings purchased after this lot of
bearings shall have full traceability or, at the Governments request,
this requirement would be dropped.

4

ir.

CT1Om EFFECTiviTY @Y AL L]

e

: Al A»novu,on feree vaL e =
4 . Y/%) L}
3 @ Ml{/llfzd - Jf' 7/&"6“"“ @ APPROVED G 01SaPSROVED
: ;Z/“’/A/W;;:M /7/1,0' 1978
DD Vet 1694 U. 1. COVERNMENT PRINTING IFPICE 1908 ) . 330-na3
i
4
2 4
2 Cc-8

. JPp— BAM -, oo e e ErCae T - o Eee




l' Williams Ressarch Corporstion CMEP 95-4120
[ ]
_ Report No. 79-106-39
10 November 1978
WRC Waiver W-036
ATTACHMENT A
Blocks 8, 16 & lSppapINGs AT WRC (RECEIVING INSPECTION)
OR DUE TO BE RECEIVED
P/N Date Vendor PO Amt Date Rec'd Chg Ltr WRC Spec
4 27099 3/29/77 MRC 91818 263 9/5 A P-7420
g 27099 3/10/78 MRC 99864 68 8/21 A P~7420
3 27099 11/11/77 MRC 97022 77 3/17 A P-7420
3 29056 11/21/77 BARDEN 97039 99 7/20 NC P=7410
29056 11/21/77 BARDEN 97040 10 7/26 NC P=7410
o 19301 4/13/77 MRC 91849 44 4/5/78 B P=7410
b 19301 10/4/77 MRC - 96302 288 3/21/78 B P-7410 ;
19301 11/12/77 MRC 97023 65 B P-7410 }
‘4 22988 11/12/77 MRC 97024 78 7/11 NC P-7410
23372 12/11/77 FAFNIR 97095 20 9/6 NC p=7420
3 29056 11/21/77 BARDEN 97039 99 7/20/78 P-7410 1
d 29056 11/21/77 BARDEN 97040 35 8/18/78 P-7410 .
: 27100 1/21/77 MRC 89108 7 7/20/78 P-7420 3
% 27066 3/17/78  BARDEN 99892 9 6/12/78 P~7420
29477 10/14/77 BARDEN 99332 70 5/24/78 P-7420 ]
. 4 29477 10/26/77 BARDEN 96377 10 7/25/78 P-7420
. 29651 2/13/78  BARDEN 98565 52 8/25/178 P-7410 ]
4 29652 10/22/77 BARDEN 96359 75 6/15/78 P=-7410 4
29845 12/12/77 BARDEN 97083 25 8/31/78 P-7420
27099 6/15/76 MRC 83310 3 8/31/78 P=7420
27099 MRC 89107 4 8/31/78 P-7420
X 27099 11/11/77 MRC 97022 33 8/31/78 P-7420
_ 27100 11/11/77 MRC 97021 75 8/31/78 P-7420
22098 9/19/77 SPLIT BB 94280 65 8/21/78 P-7420
22098 3/25/77 SPLIT BB 91813 5 8/21/78 pP-7420 3
23383 2/6/79 SPLIT BB 98626 25 9/1/78 P=7420
3 22988 11/12/77 MRC 97024 13 P=7410
é 22098 11/17/77 SPLIT BB 97030 25 P-7420
3 23371 1/23/78  FAFNIR 98578 20 P-7410 .
[
H 23410 1/25/78 NEW HAMPSHIRE 98610 50 P=7420
29843 2/1/78 NEW HAMPSHIRE 98611 20 P-7420
} BLOCK A: XF107-WR-400 BLOCK C: BGM-109
’ YF107-WR-400 AGM-86A
j XF107-WR~101 AGM-109
| YF107-WR-101
; XF107~-WR-102
; YF107-WR-102 ]
:

PR I IRl ] 4 e i T
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m Williams Research Corporation CMEP 95-4120
Report No. 79-106-39
REQUEST FOR DEVIATION/WAIVER JATE PREPANED PROCURING ACTIVITY %O,

1388 ¥{L-3TD-480 OR 81 FOR [NSTRUCTIONS)

h 24 January 1979 !
4 . LD INATOR AN RO A00RC33 2
williams Research Corporation },—D“""m _(Heawe
2280 W. Maple Rd., Walled Lake, MI 48088 (Jumon (gluaor [Jerrica
& OTHER SYSTOMS/ CONFIG.

4. DESIGNAYION FOR OEVIATION/WAIVER S, SASE LINE ASFECTED grwe v one 1
. MOOLL/TYPE b, wre. 00C €. SYS. 0831G. |d4. EV/vaIven mo ATION | TDMS AFFECTED
O e

[
RO0.

* 24235 * w-042 | (e s L

7 SPECIFICATIONS AFFECTED-TEST PLAN 8. DRAWINGS AFFECTED
v 1 wa. C00C $PEC./00C. NO. ) “Fn. CDOE ot CTh ~on. wo.
1 . svatOM
'1 e I WK N7&
c. TEST MLan
3 ' TIE VIAT] wAI VER m.w ~0. & LiNE ng
Waive Bearing Traceability Requirements See Attachment A
T ERT SRATTON + O RS ATURE (o 3 (LATO T (5
’ [T, CO N3. |17 OGPECY =0 | 14, DEFECT CLASSIFICATION

See Attachment A N/A N/A [Qumon  Elusos [Jemrien

. . . N 17. LOY mO. |18. QTY ! 1%, RECURAING OEVIATION/ WAl VER
‘ Seo5an il 17l Al s (e
) 0. € < & 43 2t L (4

; None None
" YTy SR TRYICRA TS COCTIYTE SFRORT. IRTERACY. TYT.
; None ) ‘ i
i 23. DEICRIATION OF DEVIATION walvER 4 3
’ Allow use of bearing listed on Attachment A. These bearings are ;
* sarialized, but do not have full traceability. !

See Attachment A *

*1 ‘Ref: WRC-W=-036

%

‘{ ry *OR OEVIat) waivE

1 The bearings were purchased with no traceability requirements. Sub-

! sequently, the Government directed WRC to provide fully traceable
bearing, a requirement which can not be met with current engine test
and delivery schedules. All bearings purchased after this lot of
bearings shall have full traceability or, at the Governments request,

this requirement would be dropped.

2 ToN Tivity gy raL |
FSD Engines as allocated to stock depletion.
+ v ) t [ A -

; -
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ATTACHMENT A ;
W-042 3

BLOCK 23: DESCRIPTION OF DEVIATION/WAIVER

4 Waiver 036 was approved 17 November 1978 permitting the use of

1 bearings which were serialized but did not have full traceability.
At the time of submittal, we thougant we had accounted for all

“ contingencies. However, we have located 5 lots in MRB and have

-1 been informed by one of our vendors that they have 2 lots Zor
delivery made from parts overrun of a previously delivered order.
The particulars are as follows:

k. A. BEARINGS ROUTED TC MRB

B/N VENDOR P.O. AMT DATE REC'D WRC SPEC
27100 MRC 73112 22 8/26/77 P-7420
ﬂ¥ 27100* MRC 89108 7 8/12/78 P=-7420
4 27100*  MRC 89108 3 9/1/78 P-7420 *
¥ 27099*  MRC 83310 114 8/26/77 ?-7420
: 73112 4
27099*  MRC 83310 48 8/26/77 P-7420

27099 MRC 99864 68 8/21/78 P-7420
27099 MRC 99864 47 P=-7420

8. BEARINGS FROM OVERRUN PARTS

P/N DATE VENDOR P.Q. AMT DATE REC'D CHG LTR WRC SPEC

27075S 5/2/78 Barden 101847 20 - Cc P-7420

27066 5/2/78 Barden 101848 11 - C P=-7420

s
- I
T e T R PR PTG V01,451 SIS S5

* These bearings not serialized will be returned tc vendor for

: serialization.
: BLOCK 10: CONTRACT NO. AND LINE ITEM

N00019-~-78-C-0206

CLIN 0002AA CLIN 0002AE CLIN 0002aM b

0002AB 0002AH 0002AN
) 0002AC 0002AK 0002AR
I 0002AD 0002AL 4
{ I
? I
% :
3
C-11

i
4
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REQUEST FOR DEVIATION/WAIVER DATE PREPARED (PROCNING ACTIVITY wO.
(S8R WL-STR-40€ OR +81 FOR [ASTRUCTIONS)
5 July 1979
TSATOR A, 2.
w{lYTams Research Corporation oqvian o e
2280 W. Maple Rd., Walled Lake, MI 48088 Y Jumon [uasom [Jemriea
4. DESIGNATION FOR DEVIATION/WAIVER 3. 8ASK LINE AFFICTED ¢ OTWER SV!YWW
o MOOML/TYPE  |V. M. CODE <. SVY3. OU31G. |4 Sevrweives ue. oo navion’ Tous weeCTCS
- AL N
3 See Blk 23 | 24235 2B w-gapcyl i, (& OOt Ors (g
7. SPECIFICATIONS AFFECTED-TEST PLAN 4. ORAWINGS AFFECTED
wa. Co0L 2EC./00C. NO. 8 R, CODL BN ”nyv, NOR. 0.
. SYSTDe
1 b, tTOW "7 x N?B
1 e. TEST PLAN
[} b ViATl WAL Y g, M ~G. &y ]
k| N00019-78-C-0206
k75 1. ¢ RS- T O = A331FICATION
: Turbofan Engine N/A N/A Dmm Dcmncn.
. - @ 17. 4,07 N0. [19. OTY 9. MOUMING DEVIATION/ wat vER
01l Cooler 23748 N/A 18 | (O X]w
BT & BT T g T —

:1 None N/A

: T R RYYOGTIS CEETIYTE PROAY . ROl T
b <

4 N/A

. “» 23. oilcmnmownvunwunu

i Allow use of P/N 23748 o0il coolers listed on Attachment A. These
J‘ oil coolers are serialized, but do not offer full traceability.

; (see Attachment A) '
a (Ref: IRR #80786) f
. T ~ID 7ok GTNIATION A vin ;

¢

! !
-

I (see Attachment A} t
! ‘

4
1
t 34 LD 1 ™ H

WA % - "
n-ovn./o I SAPPROVAL )

) D sornovac secommnncs 2 Myﬁ 2 R serroveo - TJorswenouto 7/’&};,&(;‘/

S upe 275 i, cee

oy r——

DD , R 1694 s 203l ral t COntraaCng i as .

¥ & COVERNMENT PROVTTMD OPFICY %0 O - 13.00)
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ATTACHMENT A
W-09071

e ke T

BLOCK 23: DESCRIPTION (continued)

CMEP 95-4120
Report No. 79-106-39

S/N TTS791297H TTS791292H
1 TTS791900H TTS5791286H
TTS791290H TTS5791291H
TTS791287H TTS791293H
3 TTS791901H TTS791905H
| TTS791296H TTS791289H
3 TTS5791294H TTS791903R
TTS791904H TTS791288H
L TT5791502H TTS791295H
- .
: MODEL NO. SYSTEMS DESIGN CLIN
4
o XF107-WR-102 AGM-109 0002AA
P YF1l07-WR-102 AGM-109 0002AN, AR
‘ XF107-WR-400 BGM-109 0002AA H
;i YF107-WR=-400 BGM~109 0002AC
‘-,‘ BLOCK 24: NEED FOK DEVIATION/WAIVER .jj
3% As a result of a change in the manufacturing source, traceability
on the units identified above, was not maintained. These units ]
4 were in the process of fabrication when Waiver-082* was submitted.
I At that time, unit S/RN's were not available, therefore, it was
j not possible to include the above 18 units with W-082*.
X Midland-Ross/Janitrol, the new supplier, has implemented corrective
action for units which will be manufactured completely by them in
| the future.
* (W-082 traceability of oil coolers)
4
A
N
? 3
H )

ek L ha e 2

C~13/C-14 Blank

f
;

q

3
H
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APPENDIX D
VIBRATION TEST DATA

g This appendix is a graphic presentatlon of data observed during the
. environmental vibration testing related to Engine 828/builds 4 and
& 6 at Bendix Aerospace Systems Division - Ann Arbor, Mlchlgan Two
? types of curves are presented. One type is the sinusoidal vibra-

= tion sweeps performed to identify the resonant frequenc1es to be
E ; used for the 30-minute constant level vibration inputs required
3 along the lateral and vertical axes of the F107-WR-400 engine. The
i& second type of plot shown represents the power spectral density

.

(PSD) curves obtained during the 30-m1nute random frequency vibra-
tion inputs along the three major engine axes.

The material presented herein is divided into four sections. The
first section contains the spec1f1cat10n power spectral density
(PSD) curve for the F107-WR-400 engine. This spec1f1cat10n curve
may be used in evaluatlng the PSD curves representing the random
frequency vibration testlng completed on Englne 828. No specifi-
cation curve exists in reference to the sinusoidal vibration sweeps
as these surveys were run prlmarlly to identify test points for the
30-minute constant input level vibration tests.

70

¥ AT A Yy

The second section presents a chronology of events and the vibra-
tion curves obtained during the initial vibration test series, run
on 4 January 1980.

The third section presents a chronology of events and data obtained
durlng the second complete v1brat10n test series performed with
Engine 828. This second series was run subsequent to discovery of
the fact that the first test series had inadvertently been per-
formed without an airframe generator installed on the engine. It
is requlred that all accessories and components be 1nstalled on
qualification vibration test engines. This test series was per-
formed on 14 January 1980.

The fourth section is a presentation of events and data curves
obtained during the vibration testing of fuel control unit Ss/N
1443454 (installed on F107-WR-400 Engine 704 as a test vehicle).
This fuel control unit was subsequently shlpped to AEDC to replace
the fuel control unit which had failed on Engine 828 during the hot
day mission simulation cycle. The S/N 1443454 unit was subjected
to the complete environmental vibration test requirement while at
Bendix Aerospace.
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SECTION I

SPECIFICATION POWER SPECTRAL DENSITY CURVE
FOR THE F107-WR-400 ENGINE
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SECTION II

g ———————

A chronicle of events and the vibration test curves obtained during
the initial vibration test series, which was conducted on 4 January
1980.
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LR
TEST SEQUENCE Page /
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FICURE 3
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FIGURE 5
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conduction of F107-WR-400 specified environmental vibration tests
on fuel control unit S/N 1443454.
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APPENDIX E

PRE AND POST-TEST CALIBRATION DATA FOR THE FUEL CONTROL
3 UNIT AND FUEL SHUTOFF VALVE

This appendix contains pre- and post-test calibration data for the
] fuel control unit and fuel shutoff valve used on Engine 828/ build
9 6 during the hot and cold day mission simulation tests. The fuel
control unit represented here (S/N 1443454) is the unit installed
on the engine at AEDC as a replacement after the failure of the
fuel control unit originally installed on the engine.
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- 7 Tsp. 1730

., Wooaward Governor Company
- Roexfard, [1linots V Page | of 7 REV. NEW
WOODHARD GOVERMOR COMPANY TEST SPECIFICATION FOR 83209 - FUEL COHTROL '
MIL-C-702¢ Type Il Calibrating Fluid
3 Case o, _ N 1
T - - —_ e~ -
. WG SA_LMNER N Wl W.G. Order — = =
‘ Custcmer: Williams Research Contract Ho.:
- P Willfams P/N
; 4oodward P/N Tiiams 71 From Ewerne §2§
L 8061-056 3620 Fre Evgme AT
CALISRATI0 &/
1 PS |
) bata =D 3 Y Tested 8yl A oK L Test Stand fa. YN
‘ { Sensor No. 62 1
g 1.0 Test Conditions /-}CT' V0% :

1.1 The following conditions shall be maintained for the entire tast.

1.1.1 Control supply fuel pressure (Pg) = 20 psig supply.
1.1.2 Ambient air temp = 70+1Q°F.
‘ 1.1.3 Ambient pressure * 14,7:1 psia.
1.1.4 Pressurizing Yalve: A remote pressurizing valve set to 80 psi
‘ above Py should be used in the metered fiow line,
1 S Back pressure controiler., Oownstream of the pressurizing valve use
’ 3 pressure requlator referenced to COP and downstream of an
. orifice calibratad to give 144 psi aP at 400 pph.
]

1.2 Test Equipment

1.2.1 15 HP variable spsed stand, 13,000 rpm, . 05% speed contral,
1.2.2 30 PPH - 600 PPH flowmetar 0.5% accuracy (2 required).
1.2.3 0-50 PSI AP gauge ¢ .25 psi accuracy (Py-P2).
;.g.t 0-800 psig pressure gauge +10 psi accuracy (P1).

5
1.2.6
1.247

0-300 psia pressure gauge .2 psi reading accuracy (COP).
0-800 psig pressure gauge +10 psi accuracy (P2).

4 : C-800 psig pressure gauge £10 psi accuracy (Py).
1.2.8 0-100 psig pressure gauge %1 psi accuracy (Ppc).

1.3 All contral settings should be made while approaching the set points
as “ollows, unless otherwisa specified.

i il

1.3.1 Engine inlet tamperatyre simylator or sensar-approach set
wamperatyre from & lower tamperature,

1.3.2 Compressor discharge pressure-approacn set joint from a lower
sressure, Mysterusis checks should be approached from a
higner pressure.

1.3.3 Speed satting voitage-approach frem a numerically lower value

) unless otherwise scecified.

1.3.4 0o not avershoot set point. [f set point {s cvershot, reduce or
increase input signal, depending on requirement and approach
set point again,

P T

e
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TSP-1730 Page 2 REV. A&

o> | | Yhoes  | Ve Jores s scTuAL
“ 2.0; Functiona)
| 2.1 Pum Capacity
;:gs Set zggg) 3.5 pleggl; ::1) 95 PPH arin, INL
2.2! Ultimata
© [ 11000 | 150 | .620 3.6 |Stopcock Flow for | 725775 psid
! | »200 (60%) max. of 2 seconds | (P1-Ps)
' Record valve 7%0
! cracking pressure
2.3 Built In-Test —_——
.31 -10 c:t‘:nur;! BIT Signal|12,.64=14.64 12,69
2.%.2 -7.0 9.91-11.91 0.6 1
.33 0 3.5-5.5 Neac,
2,34 5 +36-2.36 .39
/ 3.01 Power Lever Schedule e fij!m TR
Ly 9% | .620(60°F)| -5 | Set ta 129 PPH 9725 | 9924 | 10123 C)xélgfgi
.2 138 2 |Set to 207 PPH | 10644 | 10833| 11022{} 574 1
3.3 130 1 |Set to 307 PPM | 11423 | 11539| 1S54 A %2
.4 209 3.5 |Set to 387 PPH N99¢ | 12026 12054 ) 24 ’
338 209 s.012| Set to #
3 11994 12024{ 12084 4 ) ) 4
NEX]] 209 Set T.P. 3.4 Re- 4
| v ;?P:I,IL v 3.1V 3.4v 3.3V

2) 2 =« 70 be within 10 rpm of setting in para 3.k.
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-i- TSP=1730 Page 3 REV. D
! , ‘
. . _SPEED | COP | T2 p/L | }
[__‘7 | PSIA| TROHES ¥DC | NOTES LIMITS | ACTUAL |
, 4,0 | Temperature Override Schedule REM
. ' - Min. | Nom. | Max.
1 TR | 46 | .591 (0°) |3.6 | Set 81 PPH TI733T 17937 11883 1 )9
4.2 8 | .574 3.6 | Set 82 PPH N4 N519| 11534
Vo (-35°F) HSSO
lm‘ s0 | .5595 3.6 | Set 83 PPH met| s nann| o,
1 (-65°) 133
4,8/ 209 | .591 (0°) |3.6 | Set 390 PPH 11763| 1823 1883|790
Yos | 209 | .574(-35%) | 3.6 | Set 384 PP 11483| 11558 11633] | | K14
45| | ' 209 | .5595(-65%) 3.6 | Set 380 PPH n233| 1323 naisl (33
5.0  Accal, Oecal, Max. & Start Flow Altitude
5.1 | Accel _6Q°F _Flow
i P1-P2 | Min, | Nom. | Max,
o oP
. 3
.. 100 a0 | .620060%) |3.6 20 (8 |8 |33 | 33
5.1.2{ 7100 | 40 -7.0 ~o |4 |8 |93 | %5
5.1.3| 10700 120 3.6 3,.Gq|%57 |66 |75 | )iy
5.1.4 | 11500 180 3|8 | .8 et | 249 -
5.1.5{11500| 200 | . 2.5/ %7 |42 | 458 | g o
15,16 | 10700| 120 Y V |nysterests |2\ Q252 (266 | 215 | Y0 |
5.2  iHax, Flow
[s.2.31 11500| 250 | .620(60) (3.6 | lusy [ L8 | 453 | wg |
5.3 Accel 170°F
§.3.1|%000 | 30 | .679(170°) | 3.6 8 |n |m’ |43
5.3.2| 11500 180 | .679(170°) | 3.6 23 |49 |es4 | N
" Y 5.4 Accel -65°F
: 5.4.1 | 6400 | a0 | .3595 1.6
| (-65°F)
5.4.2 | 10300| 220 | .s395 3.6

(=65°F)

e e o
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. i
SPEED |coP [T P/ I ?
. | oo |psia | thoes | voc | wares LINITS ACTUAL | i
¢ 5.5| secal Scheaule __RPM '
5.5)1 | 12024 | 160 | .620(60%) | ~7.0 Tog 18— et ;
. . °) | -7 181
4 lsl 1
5.5i2| 12024 [ 100 | .620(60°) | -7.0 0 9% 01| qu :
'«1 S.6' Starting Flow
;j 5.5.1| 1485 [14.7 | .620(60%) | -7.0 5 6 & | <3.%
, 5.6.2| 224 | 14,7 .620(60°) | -7.0 8 63 67 z .
j 633 ;
570 Altitude Schedule :.
¥
[s.7.1{moeo |« [.s20(60°) | 3.6 | “ 8 91| 39 | i
; 6.0/  Altituds Governgr Schedule ' ’
] 6.1 62 |.620(60%) | 3.6 | 97 oM 11964-12084 R | [} 02 A
} 5.2 107 | .620(60°) | 3.6 | 187 PP 1136412084 oM | ] :
k - - f
7.0i vernor Gain s
.v 209 | .620(60°) | 3.6 | Speed below Record We
.| 11000, Raise to v,
{ 11964 rpm. NO&
' 7.2, Increase RPM to | Record W
\ ’ 12024 f BN
1
1.3 Increase RPM to | Record W
1 \ 12265 i A%9
; 7.4 Lower RPM o 12004 - 12034
| ‘ We in 7.2 RPM 12017
, 1.8, ] Y Y | 7.1 minus 7.3 109-164 PPH | 2%

*All speed sattings £100 RPM excapt ®st 5.5.1 *10,

|
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Report No. 79-106-39

95-4120

CTYSPEITIU Page a RiV. £
SPEED | COP (T2 P/L
RPM PSIA | INCHES VDC | NOTES LIMITS ACTUAL.
4.0 {dle Sceed Settin
’ : Min, | Nom. | Hax.
8.1 10000 | 72 .ézn(sn') -7.0 | Reduca Speed to 9190 { 9238 | 9232 P
giva 95 PPH & 9339
Record
8.2 9000 «7.0 | Inc. speed to 9190 | 9236 | 9232 -
- | give 95 PPH g 37:8'
8.3 7.3 | 95 PPE To be within <
20 RPN of 8.2 | 33 3%
‘s, 8.2 Tess 8.1 RECORD
) max. 40 RPM : q
‘ Y hystarests -
9.0 | Pum Unloading
9.1 | 12024 | 240 | .620(60°) | -7.0 | Reducs P/L -7. 65 to
‘| +200 Voltage balow -7.Q¢ -9.675 v
and record the ->%.) 6
voltage that N¢
drops .
9.2 /| 12024 | 240 | .620(60°) 9.775( Reducs P/L Voltage 15 PSI max. —
’ 1| s200 t3 -9.775 & Recorg )
: P2-Pue
10.0] Lesk Chacks -
1 10.1/| 12024 | 240 |.620(60°) | 3.5 | Raise Py to Ult. [No extarmal
| +200 setting -20 PSI | leakage aftar
: 3 min. @
10.2) 0 |0 |.s20(60°) |-10 |Bcost = 50 PSIG | None after
: saal. leakage 10 min..
i Reduce to None after )
oo 5 PSIG 10 min. _
10.3i] Check for shaft seal leakage during cal, for 1 cc omax.
‘| any 30 ain. of norml calidration running. aftar 30 min. O
11.0i . Orive Torgue
| .} Orive torqus will ba measured with a torque 15 in.1b. max.
; '| wrench aftar the control has been run for a
|| winimmm of § winutas on the tast stand and —?
removed. This tast doas not have to be run

in sequencs and could be done afiar the
reminder of the tast procedure is completad.
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SRR
12.0. Final Chegk List Initial
. Flnal Check List "
¢ 12,1 set stops in electric actuator. i
12.2) Spony dctuator stcp screws, Ccoc Shape epoxy sar ass'y dug. ég
l
13.00 Ground Isglation & Stall Current Tests, (Ref. TSP-1665)
{, Condftion | Hetar | Limit Hatar Limit ,

. —_ | Patarity 1 Polarity
1B S w A | | =91
13.:%' 28V to case R S0k win,| o S0k min.| <

=

v

13.3 | SRS to case + 50k min,| o< 50k min.

13.4? Stall Current at SRS-1SVOC Limit (1.1 a max.) s q [

2

13.8  Stall Current at SRS SVOC. Limit (1.1 a max.) -0

13.4 voltage at Max. Stop (Set 4.10 to 4.20) RECORD N ./
D)
13.1 voltage at Shutoff Stop (Set -10.40 to -10.50)  Recoro = /D, N

) |

i
?
1
)

E
D

NW

NW
71819

SHEET NUMBERS
REVISION STATUS

<
L EJ RS m.inln m

E
<
-
VW
W]
NW

S
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ey, £

ez i N3 .

igntn 73 L@‘;, [nspector, m Zd Mﬂ .
m INNDBNEN gate_J70—2-29 d
e .
faint in, Max, RECORD REMARKS
3 95 pph ——n 146 Pump Capacity (E
3.4 11994 12054 /2035 1002 Speed 5
a1 nra 11883 11817 Speed Raset
B3 11483 1161 e Spasd resat '
Bil.1 8 93 A4 40 PSI Accal. ‘
K.1.5 47 48 - 4O 200 PST Accel. . :
5.1.5 57 s 2% 120 PST Accal. 3
5,2,1 L) Ls3 SY9 Max. Flaw

Oecet

T P T . Ao T T

“Start Flow
7i2-7.4 12004 12034 /20)8 Hysteres!s Chec
a1 §190 9282 929 Idle Spead
'!10.1 Nons External Teakzge
v - after CI7 Sensor
| I Assembly
110.2 None & Static Leakage
| ol

. d

DRudin:3b

FYSNS M TAPE
}
l ]
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"Yicodward Rovernor Compan J X23209-025
Rockford,-1111nots Y L 6334 L2 '

'(‘ : . " Ll 4.4:.@,_‘ e £
. WOODWARD mm COMPANY TEST SPECIFICATION FOR 83209-CIT _SENSOR (ATP) VALVE
MIL-C 7024A TYPE I1 CALIBRATIRG FLUID

SERVICE LIMITS
IDENTIFICATION NO. - . b
Tustomer____Williams Research Corp. :
3 ' " oodward P/N . [Chk .. Jenk _
& X83209-0155 8901-140
2 X83209-0201 £901-1%¢ y
X83209-031 €2ol-ss0
8901-126 wY
Date 2 F-1230 Tested By 20 & Test Stand o, 7[
- Calibration to be recorded using fixture WT65650
. Desired Min. Max. Actua)
’C__'_—_‘ - e
' -5 557 .562 ,S57
. - 0 .5885 .5935 ,S'?0
) ) 75 .6235 . 6325 NV .
s 6745 | ea3s 675 S
R ; 6235 |.s325 42’
T -65 .557 .562 _ LSS 7 .
L r‘signe%., 24 ODated 7703. 2-0:

1f tamperature pots are not within + 1/2°F:
Add .0005" for esch 19F error below desired temperature.

_Subtract .0005™ for each 1°F error above desired temperature.

aackdadng, =




i i
—
._,

7.

:
4
1

g 2,
*

‘.1 ;

’

3.

‘.

4,

.l' Williams Research Corporation
——

1

' Bocurd P, here as P,,

CMEP 95-4120
Report No. 79-106-39

s “Roexford,I117nois ' Rev."NEW"
i 0 78-2-4
i D.L.Jacobson
3 i ’ ‘ ' Sheet 3
b , : :
2 v il DATA SHEET
o PRESET TEST SPECIFICATION
4 | t _FOR 8901-130 SHUTQFF VALVE
| .
NeSIN P 14797 CASE NO.___ /O 9
DAT ; —

TESTED 8Y %’ﬂ_&uﬁ

| Tncrease supply pressure (P;)slowly until valve cracks open,

poting the pressure at which {t cracks

| Record P. which cracks valve. &g PSIG
11 P2 ~ppo= TTT P3TT Wax,

Decreasae supply pressure(P,)until discharge flow (Ws)
{s 860 PPH.
99 PSIG

Increase supply pressure (P_ ) unctl

| discharge flow (We) 1s 60 PPH. !
| Recard P, hare as'f,, /08 PSIG

: Pag-Pay = q

PSIG Hyst.

P22-P21 = 35 PSIG max. allowable hysterasis

‘ &ncreasc supply pressure.(Pﬁa untit
H

discharge flow (We) ts 500

, Record supply pressure (7,) / F I PSIG
. Record discharge pressurefP;7' 78 PS1G
| Pg=Pn = /. 37 _pste
' Pa-Pnp = 150 psig max,
|
) : o
'Check discharge leakage for three (3] minutes,
Record _A)Jo & FRom Erg/vE
Max.Allowed 9. ¥25. Pre Eveine

\
| I | QT CaLrenwrro
!

—
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. - . ey
L SERVICE LINITS o Jp e

* WGCOMARD GOVERNOR COMPANY TEST SPECIFICATION FOR 83209 ~ FUEL CONTROL

: e MIL-C-7024A Type 1@ Calibrating Fluid

Case Ns. L &

r

WG SM__ s o TNSM - WG Order__ -
Custoaer: Willfams Rcscirch_ " Gontract Ne.: — e :
Fﬁﬂﬂ Eyﬁlﬂé Woadward P/N | wiilliams P/N “WW i
& §2%. FostT 8061-003 29971 Mnl“‘“"p‘ f
; 8061-009 23560 ‘ %
4 OT C’”" @ 8061-056 © 3620 - o

o
At

2 paze’ V.17 Tasted lﬂé % 77/ Test Stand No. - 1A% -

1.0 Test Conditions

’

The following caonditions shall be maintaimed for the entire test.

gy N W
-d
L]

¢

Control supply fuel pressure (Pg) = 20 psig supply.
kabient air temp = 70:10°F. :
Ambient pressure = 14 741 psia. L 3
Pressurizing Yalve: A remote pressurizing valve set toc 80 psf
abave Phc should be used in the metered flow line. .
.S Back pressure cantroller. UOownstream of the pressurizing

valve use a pressure regulator referenced to COP and downstream

of an oritice calibrated to give %Ph psi1 AP at 400 pgh.
1.1.56 Rotation of Drive Shaft - CW (Looking at end of Drive Shaft).

v
P e
¢« s s 0
» N -

paints as follows, unless otherwise specified.

2 1.2 Test Ecuioment
1.2.1 15 HP vartabie speed stand, 13,000 rpm, .0S5% speed control.
_ 1.2.2. 30 PPN -~ 6§00 PPH flowmeter 0.5%2 accurscy (2 required).
I 1.2.3 ‘0-50 PST 4P gauge 2 .25 psi accuracy (P1-P32).
{ 1.2.4 0-800 psig pressure gauge 210 psi zccuracy (!1).
- 1.2.5 0-300 psta pressure gauge .2 psi reading accuracy (COP).
: 1.2.6 0-800 psig pressure gauge =10 psi accuracy iPz .
i 1.2.7 0-800 psig pressure gauge =10 psi accuracy (Py).
i 1.2.8 0-100 psig pressure gauge *1 psi accuracy (Ppel.
»? 1.3 A1l control settings should be smade while approaching the set
t

1.3.1 Engine inTet temperature simyTatsr or sensgr-approach set
temperature from 3 lTower temperature.

1.3.2 Conpressor discharge pressure-203rdach set point from a
lower pressure. HMysterusis checks should be agproached frem
a8 higher prassure.

1.3.3 Speed setting voltage-zpproach from i numerically lcower

h > e

value unless otherwise specified.
; 1.3.4 Do not overshoot sat paint. [f seT point is cvershect, reduce
or increase input signal, dapending on requirement and ..
} 4 asproach set point again.
i E-11
£

[§
+
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— Report No. 79-106-39
T ‘ ‘ XBI20¥ - £&8 rags I REV ‘
E? - | seeenfcor | T, P/L ‘ ' |
: RPM | PSIA| LNCHES vOC NOTES LINITS ACTUAL
‘2.0  Functignal 1
2.1 Pusp Capacity f
3 . 11455 |sec | .62 | 2.6lpym120 « | 8 PPH min. :
1 =10 {6a°) [‘(wcw pst) : \N b
'{ ¥.Z Ultimece
i 11000{ 180 | .628 ‘3_5iStopeock Flow for {600-700 pxid
b | . | 2200 {6a°) sx. af 2 seconds (Py - Py)
E . R | Racord valve  °
X ! i scking pressure
o L : leo63-056 omx 200-800 ppyal 2 S
s 2.3 Boilt In Test v
y 2.3.1}. ~10 Recard 81T Signal | 12.14-15.14 =
¢ sltage ! 13, 6{
¥ 2.3.2 7.0 9.81-22.uk} |\ O.cty
K 2.3.3 [} 3.0-6.0 NS
2.3 3.3 ~36-2856 Y- P
7’ 3.0 Powar Laver Schedule RPR .
* Mi{s. JNom. Max.
| T7E3%
! : . 19
{ 2.2 138 -2 lset to 207 poy - | 30u63 120833 12203 ‘\‘3&_..'
\
3.3 180 . 1 ket tos 307 PPH 11308 J11539 11770 :.11\
8 .40 208 2.5 [Sat ts 387 PPH 12934 | 12024 12200 A
1 's.s 209 1.2 Set tc 387 PPX 11934 | 12021 12134 | Y TE0R
. | —
‘ 3.6 Zos ] at T.P.1.4. Re-
¥ Fun PIUT to :’:5‘
& 382 FPY 2.7y 3.9y [ 27 o
; 4.0 Temperature Overrida Schedule .
- .3 -~ lee {581 (0°) | 3.6 (see 81 PPu 11673 | 11793 13923| N2
1 5.3 s |57y 1.6 [Set Bz PPY 11369 | 11519 11665 WSHH
3 {-25°F) ' : Ve D
4.X sa | .5S9s ‘3.6 [Set 83 PPM 11127 | 12283 187 W3IS)
(437) : LAY
R 209 | .591 (0°®) | 3.6 Set 190 PPE 11703 | 11827 11543 WS
4.5 209 | .574{-35°)] 3.4 Se: 38L PPH 11408 | 12558 11708| Wowd
46 209 | .5595(-65°] 3.6 Set 380 PPH 11169 | 11323 L1529| W\ 3713

$ If max speed setting is beyond limits, after completing as received test,
) reedjust max speed within limits and retest parsgraphs 3,4,6&7,%

A A A sk St v et ol i inl o, 3 Kb

ute
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83209 - D68 Page 3 E?-Vé ‘
| speepjcoe | T, - P/L
PR o] PST 1§Cﬁ£$ YDC |NOTES LIMITS . ACTUAL
3.0 Accel, Oecel, Max. i Start Flow Altitude

Flow

5.1 ‘c'e.' s0°F : . :}"2 Min,| Nom.| Maxl

5.7.1/ 7100 |40 | .s20(60°) |3.6| - : JX. 71 78 | 88 98 | 12

s.1.2| 100 | 0 =7.0 g 5.7 78| 88 98 | Sy

5.1.3f 10700| 120 - |38 29%{252 | 266 | 280 | 99/

5.1.¢| 11500{ 180 ' 1377 ) s | w8 oo

£.1.5{ 11500{ 200 23 9 | saz | 66 | NN D

5.1.) 10700 120 1  Bystaresis | 20.%)250| 266 | 282 | 970

$.2 Max. Flaw ' A -

s.2.1{ 11500{ 250 | .620(60°) | 3.8 48s| soo | 515

§.3  Accel 170°F 8061-056 ONLY B k8 | 4S8 NSk

s.3.1|s000 {30 |.§73(170°)| 3.6 61| 73 83| 785

5.3.2{ 11500] 180 | .679(170°)] 3.6 | 15| a3g | b62 | N

§.4 Accel -85°F : .

5.4.1| 6200 | 40 .ifzg.n 3.6 67| 77 71 a\

5.4.2] 103001220 .5595 3.6 _ Lol| 428 | LLT| | o~
(-85°F) 38

5.5 Decel Schedule

5.5.1] 12024] 160 | -620(607) | 7.9 136 153 | 17| (=2

5.5.2| 1202h] 100 | .620(60°) |-7.0 8| s& | 108 Ay

5.6 Starting Flow -

s.6.1| 1455 | 14.7] .620(50°) |-7.0 s3| 61 | 9 | =%

15.6.2{ 824 | 14.7] .620(60°) |-7.0 s2 | 63 ” 14625

'S.7  Alfitude Schedule :

's.7.1]11100] «0 l.szO(so-) 1.6 8| a8 | 98| .. .

A All speed settings =100 RPM except tes: 5.5.1 21C.
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X83209 - D68 Page 4 REV A

Speed{COP [T P/t .
RPM PSIA|Ilnches Y0C|Kotas . |Limits ACTUAL
.0 Algityde Bovernor Schedulas ’ ’

’ .1 62 |.620(50°) | 3.6]97 PPH T1g04-12154 aem | V9O ,
-4 .2 107 I I 187 PPy T1304-12144 ReM | \3-O5°
¥ e 13804-120Urd—RPN i
E [4
+ -0 Sovernor Gain E
B .1 208 [.620(80°) | 3.6 [Speed below Recard ¥ o

' ) 11000. Raiss to f &f ¢ i
' 11964 rpm. B0 i
.2 Increase RPN to Record W, N

: 12024 ’SM '
3 Increase RPM to Record Wy a4%0
[ : - 112265 v 232
Pt . i
,‘ -4 Lower RPM to 1194l Min. \3o\S | 4 '

' ' ' e 1n 7.2 VY ors
\ » ) ! } -
.5 . 7.1 sinus 7.3 99174 PPH 12¢ V3l
,0 1ldle Soeed Setting Soeed . ]
. . : b in. | Nea. ax. &

; .1 | 10000}72 |.520(60") | -7.0]Reduce Speed to  |9130| 9236} 9332 [ Q336
3 - Sive 95 PPH & i
B Record - Q327
- .2 | scco <7.0]1nc. speed to . |9130 9236] 9332 | AIMO :
; give 95 PPH i YrS
‘ .3 Y 8.2 Tess 8.1 RECORD “

& : . 40 RPH
ysteresis : = i

-
prev

»

ALAILALA N
2]3]e[SJe 7i8]9 o ]i2[i3]ia
SHEET NUMBERS

/ REVISION STATUS

h 3P

E/C NQ

=

B ettt tagrions.d
m——

|
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783209 - D68

!_eekrord. Illirnois Page 5 of § REVNEW
Speed|C0? |Tg . PIL
AN PSIA|lAaches YDC XNotes Lizfits ACTUAL
o0 Pu=s Unloadin
1.1 12324 240 }.820(63*).| =7.0 Reduce P/L 7.4 to ~-9.9V
z200 : Yoltage below ~7.0 :
..? nng :h;
valtage at - A
- drepa * .33
.2 | J2024]124Q }.620(80") | =10 Raduce P/L VYoltage | 30 PSI =ax.
2200 ts ~10 and reco 3
L i 15
0.0 Leak Checks
- ¥o exteraal
8.1 112 248 }.620(60°){ 3.5]|Ratse Py to UO1t,
3-1 112024 Satting =20 pST | ioakage after D
0.2| @ Q -620 (60" Y ~10 |Boost = 50 PSIG Rone after
. Seal Lsakage 10 =in. )
0.3 [Check for shaft seal leakage éuring cal. for |2 CC Nax. -
axy 30 =in. of normal calilbraticn russing after 30 min, 9)

1

1.0 Brive Tergue

removed.

Orive torgue will be measured with a tsrque
’/ wranch afisr the contrel Ras been run for a
afaizus of § atautss os the tast
Thig test does not have to ba rua
in sequence and could be done after the
remainder of tha test procadure {s completead.

stand and

?0 {n.lb.max.,

2.0 Final Check tisge

Iafcial

2.1 | Set steps in alectric actuatar.

2.2 | Epoxy actuatar sStsp screws.

Dome shape epoxy per sss'y dwgd

3.0 Ground Izolasion & Stall Current Tests. (Ref TSP-1665)
Condition mu’; Limtt u;ui-" Limit
e )
o h4-] EEV 4 min]| <. 0.
1 - — - oUk =iol -
3. 18 0 case -+ S0k ain| —<= - win| .-

STaLL QurTent af = C L: (1.5 s max.)
.= Y :rrent 8t =1t

.l

-2 o Dax.] =
NN
- 10.4)

e
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Report No. 79-106~39

. .
vaodward Rovernor Compan J X83209-025
Rockfora,-[111nois Y . ‘

WOODMARD mm COMPANY TEST SPECIFICATION FOR 83209-CIT SENSOR (ATP) YALVE
MIL-C 7024A TYPE [I CALIBRATIRG FLUID

SERVICE LIMITS
IDENTTFICATION MO. . 2
Thetomer___Wi111ems Resesrch Corp, -
" doodward P/N . [Chk I - _ .
* ‘ X83209-0158 8901-140 '
113209-0201 f01-19¢
183209-031 €16l -/50
201-128 V4
Wm@__‘(__fum»_‘ez_c__rmseuuh 2/
' * Calfbration to be recsrded using fixture WTS56%0 N
‘ JDeatred Mn. mx. Actual
e 1 a® . |
- s -8 .5888 .5938 _.SPo .,
' TS L8 | .6328 L2235 .
el 678 |, em8 - ) : :
s §zs 6328 L2787
B ~45 557 #5682 _ . £57
RISl Lan e oW | mwefenbn i
oo by R

1If tasersture pots are not within « 1/2°F:
Add .000S" for esch 1°F error below desired tamperzture.
_Subtrect 2o0s® for each 19F error abave desired taspersture.
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' Woodward Governor Comﬂany
Rockford I11inots

- DATA SHEET FOR SHUTOFF VALVE

N

1T 2 Tige

-~

b

=]3 29593 »

-14 374 ‘1 »

1- 10 %895 -

*See sales order for correct revision
W. GS/NV£IU147§‘ PIN_ X G t-fNs CASErO
DATE__ 2 .§- TESTED BY “

CMEP 95-4120
Report No. 79-106-39

TSP-167I-

Page 3 of 5 Rev_ H

letter.

09

1.
noting the pressure at which it cracks. _
Record P nhich cracks valve /0. S

!ncrotso supply pressure (P2)sTowly until valve cracks open,

PSIG

FtT

PS16

= 65-110 PSIG
S‘u ?5 PZ'PbC - = 3

.18 60 PPH, )
Record P, here as P,; 9~

(15 PSIG Min. )
Decrease supply pressure (inuntil discharge flow (Hf)

Psl&

until
/12

Increase supply pressure (P,)
discharge flow (Wg) is 60 PAH.
Recdrd P, here as P,,

1nb
77

P2-Ppe

PSIG
Py2=P2; =

yst.

Ir.zrease supply pressure (P,)
discharge flow (W¢) ¢s 500

until
PeH,

Record supply pressure (P,) /53

PSIG
P22-P21 = 35 PS1G max. allowable hysteres1s

-~

Record discharge pressurei?n)- /

. Py-Pn = _ ' =

. 4"

Pz-Pn = [50 psig uax.

Record__A 'S4 £
-0

Check discharge leakage for (3) minutes.

Max. Allowed

[~

Record /-'-‘ A

Check discharge leakage for three (3) minutes,

FROM ENGIVE

832 8:be%7'15/inM€
A7 Cariersrmenw

Max.allowed 0

Check discharge leakage té? (3) migutes.

Record /" 4 &
Max.allowed 0

E-17/E-18 Blank




CMEP 95-4120
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APPENDIX F

FUEL CONTROL UNIT FAILURE ANALYSIS

This appendix presents both the preliminary and the final reports
from the Woodward Governor Co. regarding the failure of fuel con-
trol unit S/N 1443446 during the hot day mission simulation testing
of Engine 828 at AEDC. Also included is a copy of the report from
Motorola Inc. (semiconductor component vendor) to the Woodward

Governor Co. with reference to the failure of components internal
to the fuel control unit.
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; TO WA AN GV RANGR COHPANY.
ROCKFORO, ILLINOIS :
f " AIRCRAFT DIVISION Page 1 of 2
? custome_Yilliams Research Corp. gyout Mo EN 86853

‘ cusToME po__ 124550 REQUESTED BY. WASchrader ...  80-4-3
& wa. so. G 36058 RErORTED py__S:E-Makulec

conTmoL Tyre._ 83209

L Prebiem Dessviption (semah spesisl reperta, sl Jomen, o)

Actuator would not respond to iaput signsl; would draw 3.4 amps
on bench test with 28V sepply. ’

PRELIM WARY |
' KREPORT "

2 Sysuinl huvesiives

A. Rua "as received” test.
) 3. Investigate discrepancies.
C. If lengthy investigation is required, please issue
interim’ report dy 30-4-10. )
D. Repair ss necsssary.

3. lnvcsti.ution Results

The sctuator was hand-carried in by Williams Research Corp.
personnel, .and the following initizl portion of the investigation
was wvitnessed by Williams Research Corp. and Govermment personnel.
"As received" testing verified the complaint and the actuator was
removed from the fuel control. Opening the sctuator revesled a
severely charred area about Qg and Qy, two of the power transistors
in the finsl motor drive stage. Removal of power to the final

stage allowed trouble shooting of the signal conditioning and drive
circuitry shead of the power stage. This showed the entire circuitry
with the exception of Qg and Qy to be operating normally. Sub-
sequently, Q¢ and Qs vere removed and tested on a transistor curve
tracer. The 2N6301 (Qy) vas completely defective, behaving essen- I
tially as a short circuit in the circuit. The 2N6299 (Qg)retained o
some semi-conducting characteristics, however, was severely

deteriorated with respect to gain and slso has increased in !

THIS REPORT AS COMPLETED SHOULD INCLUDE AS NECESSARY APPROVAL s

3 Tem Resuhts sad/er investigasion Resbe JLLeeson 80-4-10 "4

:Can-inm- KAS 80-4-10 .
JMG 80-4-11

s WU
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3. Investigation Results (comt.)

resistivity. Since a high voltage spike can cause such
transistor failure the tramsient suppression diodes in the
circuit vere slso checked on the curve tracer, and proved
%o be functiocaiag mermally.

. §. Conclusions

As the transieat suppressiom circuitry was still functionmsl, i
we assume that 8o voltage spikes rea the transistors ia :
excess of their specificatiom limit. Therefore, it is con-
cluded st this tine that the first transistor to fail (Qy),
failed during operstiom fov uaknown reasems. This failure
would then allow, when Qg was turned om normally, direct.
high current flow from the 28 volt buss, through baoth tram-
sistors, to grouad. Such current flow would be well ia
excess of nermal, and wvould cause severe heatiag in both 3
transistors, in this case precipitating deterioration of per-
formance in Qg. Since the actuator weuld not be respoading .
to the iaput signal, this could be a long term coadition. It % ;
should be noted that this sequence of events is a hypothetical, L
but very probable cae. The cause of the failurs in Q; could be

due to a mmber of thiags, as yet undetermined. The subject 1
transistors have dDeen sent to the mammfacturer, Motorola, for
failure analysis. Since beth transistors were sudjected to
severs thermal overstress, this analysis may not yield cosclu-
sive results, since some of the defects that are possible
causes may also be the results of the thermal overstress.

s. Corr‘oetivo Action

Since a pattemof recurring failures is not established,and
since further evidence may be forthcoming, no corrective action
is anticipated at this time. Also, it should be noted that
these devices are slated for replacemeat upon approval of pro-
posed changes to comform with nuclear requirements. The
treplacement devices will de processed in sccordance with JANTX
standards. This would enhance reliability, since the JANTX o
processing is not available on the present devices. A supple-
ment to this repert will de issued when further informstion
is avsilable.
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SUBJECT: Additionsl Failure Analysis - Vendor information.
FROM: Steve Makulec

DATE: May 20,1980 @M’L Keporr

TRINSISTof PALURE 1V
Abstract: ENG. 0285 Fuel Cowrnek,

The original Special Mlin} Repert covered the snalysis of an
X83209 Pover Lever Actustor failure. The veador failure analysis

is now available, which points cut manufacturing defects in the
failed semicoaductors which likely led to the overstress of the part.

Investigation Results/Conclusions:

The vendor's analysis of the failed parts (attached) substantiates
the condition of the parts as remeved from the actuator and gives

a synopsis of further findings with the Motorola product engineer
clarified the reported phemomena. The premise that the 2N6301 type 3
transistor failed first and thus cawsed the failure of the 2N6299
type transistor still appesrs to be valid, although it can't be
proven conclusively. Various voids were found in the construction

of both transistors. These devices are built in a stacked up fashion,
with the silicon chip (die or dice) soft soldered to a copper heat
spreader button, which is then soft soldered to the actual transistor
case (header). The soldered areas are accomplished with a solder
preform, and subsequent heating to melt the preform and establish a
bond. As such, Motorola indicates that it is difficult to achieve a
completely void free construction. Because of that, they perform a
Safe Operating Area (SOA) test om the completed parts; which puts
adequate stress on the parts to cull out parts with excessive voiding,
and hence inadequate thersal conductivity. This testing is done in

s manner similar to testing in accordance with MIL-S-19500. As they
perform this random sampling procedure.the resultant typical Acceptance
Quality Level (AQL) is 0.28%, i.e., statistically no more than 0.28%
of the devices shipped would be defective with respect to the tested
parameter. This SOA test is performed at full power capability for
0.5 seconds, wvhich is a wuch higher stress level than the application.

Materials analysis showed the 2N6301 type (WGC P/N 1686-682) had
approximately 10V voids under the silicon die, and 50% voids under
the copper button. This presumably was the transistor that failed
first and was verified to be shorted. Also, evidence of melting

on the die surface indicates severe overheating. Motorola's sssess-
aent of this device and the existing voiding is that passing the SOA
test would have been unlikely. It therefore represents a randoa
escape through Quality Assurance testing. Ko testing is done at
Woodward Governor Cowpany that would have caught this, and the addi-
tional processing imposed by the drawing (High Temperature Reverse
Bias-HTRB Burn-in) does pot stress the part in a masnner that would
cull out such a prodlem.

Al
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Investigation Results/Conclusions -comt.

The 2N6299 WGC P/N 1686-680) was found to have approximately 50t
voiding under the silicon die, generally in the ceater of the die. |
Although this is not desirable, the Motorola people bdelieve the
E.q device would have passed the SOA test. The device as returned to
: Motorola was verified to be severely degraded in performance.

Given the above information, the IN6381 type transistor appears to
X have beea the weak part in the system. Since it is failed shorted,
y the premise that it failed first, csusing subsequent overstress and
3 degradation of the 2N6299 type transistor, seems to be upheld. The
expected sequence of events, them, is as follows: The 2N6301 fails
first, presumadly while actusted snd driving the motor. When the
i position is as necessary the drive to the motor i3 cut off and at :
, some poiat in time re-emergized te drive the motor in the opposite H
P direction. That turns the IN6299 om snd curreat is drawn through it
; and the shorted 2N6301. Since this carrent is shmnted directly from
supply to ground the metor does mot meve, and the control circuit
is not satisfied. This provides for » long ters high current flow
through the transistors, camsing the thersal overstress noted.

a2l

The major fault in the above train of events is that at the applied
stress levels, wvhich are well below that of the SOA test, it is very
difficult to assess vhether or not the 2N6301 would have failed.
Hovever, since all other parts of the circuit including transient
protection, were functional, it is a prodable sequence of events.

A canmn_a

Recommendations:

1

;1 The stated AQL of 0.28% for the SOA testing indicates the risk of an

individual part getting through this system while defective. As

there are five of these devices per actuator the probability of a

defective part in a unit is 1.4%. However, note that an AQL level

is an indication the maximum number of defectives, and that in the
spplication the stress is much lower than the SOA test (less than 7%

,; versus 100% stress). Thus, a more ressonable and yet still cobser-

k vative estimate of the probability of a deficiency existing that would

P result in a overstress conditioa is less than 1% for the actuator.

R Since a determination of the actual coadition of the trsmsistors can't
be made in the field it is recommended that the customer use the above
figure as a guideline to compare to his acceptable risk om a given
unit. If the risk is deemed unacceptable, the alternative is retura
and disassesbly to a point vhere the transistors condition can be

vassessed and replaced if necessary.

Attachments: Hbtoroia Product enalysis Report
(To original PL-410%001/PL-411%001

only)

SEM/rg :§§§EE§; (Y\.Jl.ilq_

90-4-20
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. [ LITY ALITY AZSUR5. 0T CEFART-TWT - ;
) ROTCRDLA 1T FLIALILITY AKD GUALITY TLEFRR ;

Semicondus tar Crous-- c D ~ - -
N ea’ Bice SenRapeR .
- | wsyune 2369 REPORT 0. FL-410°031/PL- 11t
- Fausror atFaaEnct TEVICE TYPL LOT NUMHER | CustOMER PART itk
| 8301, 216299
- POmY OF TARLSE .
u VOTBMAD GOVERNCR el fssment e 101 (orx)
f ' (VDSoY) C-€ shorts
) | e T8 OF AEGUIST J
Cos Webh Bneo  Owereloa O revwonity g rue O omes |
TAUaES  [GuaNTITY RECEIVED o7 ull APt u28 B LS CAl T U
3 | - 2 - - -
! el | oave coots
H Wise. 8 742, N7 LISk +
& —
2 uosze:

T pover darlingtoms fa the aluninum TO-86 cose were applied as drivers in a fuel
control power lever sctuster circwit {a the Cruise RMissile. The fatlure occurred
during officisl testing uader military surweillance. Subsequest failure araliysis
of e circulit showed no associoted cocpenamt fatlures. The devicas were protactad
with 135621 40 volt zener sepressors and opersted ia an swviromment [M.]. protacted
ts 3,000 K. The tremistors were recaived decapped.

1 AT

- .

8

‘ Parsmetric ressurements with § corve trecer verified the shorted canfition tn the
B0 and degreced gatn (n the 206299, Microscopic exsninstion o/ the die surfaces
reveslod evidence of severe overhesting, ressiting s a pertial relting At the
. axitter contact areas (arrow, Moto 1). Furthte imvestigation reveales large voids

- bensath the dice of both parts (Phote 2). Voids were also found taneaih the cotper
{ hest spreader buttons.

st

Poor thermal conductivity between the dice and headers hes allowed the temperature of
the dice o rise yntil destructive celting occurred in the emitter contact regions.

COMMCTIVE ACTION:

) - Yoiding beneath the die donds and Copper Dutton bonds are cetectes by an SOA test.

’ At the time of manufacture, this product was sample tested to o 30V, 2.54, 0.5 sczond
specification. These parls represent rando> escopes that passed custorer testing. A
new steel packace has been arplied to this oroduct Yine, and its Rih-terDerature traze
1s comistently votd-free. It I3 susgested that these nes style parts e e~dloyed
wheraver possible. Ore Mundred percent SON test ray be ousrznteed wilh an SJ specification,
and 3 JAN version of this part would guarsstee exccptiona) quality.

SPERIZANED OY REFCIT adBw,y Ty

.

4 s
1 :/,- B ,;Cé??‘, 7Rl
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. 7o' Jd. /}LBE,?AA//'

‘ FRom' B . ScHrRarver
® ~o. RELIASILITY AND QUALITY ASSURANCE CROUP
’ Oroup PRODUCT ANALY U3 REPORT NUSSER
©.5. 501 DI Puttma amsEhe aN A-410%001/PL-411*00 pace or

m;mm Iﬂmﬁl'__ twick 7 o wmach

-

sadeh
et B b 5B

BN

Meta 1. Optical sicrograph of exitter - .
1 ’ region of 2161301 device. Partisl melting ’
‘ has occurred.  (ASX) - -

Mot 2. 2-ruy shadowgrephs of INEI0T (loft)
and 26299 (right) die bonds (square regionms).
Voids bemegth dice are yausually large.
X601 also has large void beneath copper
buttos (srvow). 61)

0o M7 /TH

i
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APPENDIX G
OIL SAMPLE ANALYSIS DATA
This appendix contains oil sample analysis 1laboratory reports

provided to WRC by AEDC. This information was used in compiling
Table 3-V of this report.

bt
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TECHNICAL SUPPORT DEPARTMENT s . ARO. e
CHEMICAL & METALLURGICAL BRANCH
LABORATORY SECTION REPORT .

4
o —
-

XY

Reguested by W. C. Gobbell

1 Maseria) Sutmitted T-5, 236998 011, Pre Mission Calibration opate Completed _4-2-80 P.S.8.
y imgdmer Sy~ 82 , Time - 2200 , Place - Engine
Collected 4~1-80 , Total Run Time ~ —=-= Work Auth. ___E411-18C

Dete Out 3=7=80

ETF/IT Report No. 0041-8

P —
N W TS SRS

kel el ek o sln btk 2a

Date In__%=2-80

#. Ivy, Jr. and P. S. Byrom

¥ !IY

JOVERY SR,

* lstructions:
Y ) Determine Weat Matals by Atomic Absorption and Emission Spec.; also, i
¢ . Specific Gravity at 75°F.

 Results: g

i 0 Al - N.D. T4 - N.D. |
Fe - N.D. Cu =~ N.D. |

s1 - N.D. Mg - N.D. :

g & - N.D. Sa - N.D. ;
: . N - 0.2 Pb -~ 0.3 !
: Ag - N.D. ;

h ! Specific gravity @75°F, = 0,969. ;

3 O SATARLE TRANED FRowA Evane ©28-C¢ on 4-1-80 Li
? Couowivg PRE MOT-0AY “AWMLION_ _CALIBRATION TRuwn. f
Eroing. HOT TiuG ON SAMPLE 4 L 1R, B M. d
4 |
1
* . ;
i Remarks: N.D. - Not Detected. H
L] A.A. -~ Results expressed in ppum. 4
! . A.A. =~ Results phoned in _4-2-80 Time :
“ Emission Spec. results attached. i
!
3
.Y sasesma T . [ .
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TECHNICAL SUPPORT DEPARTMENT Svcrdrep A0 in
CHEMICAL & METALLURGICAL BRANCH o

SEM ENERGY DISPERSIVE X-RAY AND SPECTROGRAPHIC ANALYSIS REPORT

Sampie No. __0061-8 Date In 4-2-80 . .
Plate No. 03160 Date Out 5-1-80 '
4 Submitted By W, C, Cobbell ETF/TT Work Authonzation _E411-18C :
2 {3 sem - [X] srreTrocKAPN 4
1 Sample Descrintion 23699 011 T-5 ~ Pre~-Mission Calibration §Enging) i
[ ]
E Method of Analysis with a Statement of Accuracy:
: Quantitative Semi-Quantitauve ___+10-302 Qualitative
Sample Sample Sample Sample Sample Sampie Sample
Resuits No. No. No. No. No. No. No.
Ag =
X _Al 0.02
L - -
) ~Aa_
. Bt N
: £b
Cd
Ll
_Co
St —_
Sy 0.03
| Fe —
; X =
'.;J Mg
Mn
- Mo
! Na
{ Ni —
1 P
A.‘ Pb
- | s
T Si 0.0%
£ —So_ _—
A 3] o
4 2
Ph ne
L} e
N —
3 Remarks: .
i 1S e f.k e L__. - i
H _\T “'J:D‘- - RO
H 1 = Micrograms/ Gram 8 — ZAF ~ SEM Analysis /
3 2 - Percentage 6 — ML - SEM Analysis
1 3 = ND = Not Detected P J

4 =LLD - Lower Limit of Detectitality o e e et e e e e = e
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TECHNICAL SUPPORT DEPARTMENT
CHEMICAL & METALLURGICAL BRANCH
LABORATORY SECTION REPORT

‘ ,wmuuy W, C. Gobbell ETF/TT Report No. 0043-109
b f 4/28 P.S.B.
. Materisl Submitted T-S, 236998 011, Post Hot Day Mission Date Completed __4-14-80

apine Nt 828-113 , Time - 2230 , Place - Engine

Collected 4-12-80 , Total Run Tige - ? Work Auth. E411-18C

Date In 4-14-80 Date Out 5-8-80 -

‘ By H. Ivy, Jr. and P. 5. Byrom

4

Istrections:

Determine Weat Metals by Atoaic Absorption and Emission Spec.; also,
Specific Gravity at 75°F.
s

Results:
; .; A - 0.7 T4 - N.D.
) Fe - 1.6 Cu - 0.1
; . Si - N.D. Mg -~ N.D.
cc - 0.2 $n - N.D,
| ;

M - N.D. Pb - N.D. :

: Ag - N.D. ;
4
; z
§ '

Specific gravity @ 75°F = 0,969,
' e DrANED TRo EnmNE B828-6 on 4-12-80
ARTERL WOT- DAN AMamony. SHR 1 \ iy R TIME,

e VT o Y 1 it A O YIP o

3‘ * Remagks: N.D. =~ Not Detected.
. A.A. -~ Results expressed in ppm.
e A.A. = Results phoned in 4-14-80 Time__ 1435 hrs. To_ Mitchell. .
Eaission Spec, results actached,
‘ —
. o
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TECHNICAL SUPPORT DEPARTMENT Svordr:p f:‘o__“:
%) CHEMICAL & METALLURGICAL BRANCH

’ SEM ENERGY DISPERSIVE X-RAY AND SPECTROGRAPHIC ANALYSIS REPORT

%,
!
E
i
]
?

Sample No. ____00461-109 Date In 4=14-80
Plate No. 0316% Date Out 5-8-80
Submitted By __. C. Cohhell ETE/TT ______ Work Authorization —E411-18C
, 1 [ sem (X] srecTHOGRAPH
Sample Description .
Method of Analysis with a Statement of Accuracy:
Quantitative Semi-Quantitative ___*+ 10-302 Qualitative
¥
1 Sample Sample Sample Sample Sample Sample Sample
f Results No. No. No. No. No. No. No.
3 AL 0.4
) o - S
3 Ba
{ _Be s
1 B
¥ (]
& Cb
cd
i E
3 Lo
(o4 0.2
Cy 2.1
Pe 0.8
K Q.04
Mg
My
; Mo
: Ns
Ni n.l
P
Py
8
1 st 0.4
4 —So_ ==
& by 0.1
¥ -0
& Ph 0.0
o ] T
P70 -
3 VYA RS o i
. [/~ B !
i Rasula sxps Tk ] :
: . TALI TG/ i
’ )n..m., esged as ppm ‘ \& :\,:1 > _\)3//_ 4
: Mt _ )
! ]
i 1 = Micrograms/Gram S — ZAF — SEM Anualysis
} 2 ~ Percentage 6 — ML — SEM Anulysis o~ o
? 3 - ND - Not Detected * F
4 = LED = Lawer bimit.of Retectibility - D. W. Baker
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T : TECHNICAL SUPPORT DEPARTMENT

4o

. LABORATORY SECTION REPORT
Srprented 1y w. C. ('ﬂbb;l;.. ETF/TT Report No. 0043-147
2 . Cold Day Mission
i Meterie) Sbantttod _T=5 o nc& 0il, Post Run # Dase Completed _4/16/80 4/28 PSB
f Engine S/N 828-119, Time - 0030 ,.Place Engine
= Callected -_&4/15/80 . Total Run Time - - '~ work Auth. E411-18C ..
Dute te 4/16/80 Date Out 5/5/80 )
g . ®
... B Herman Ivy, Jr. & P. S. Byrom
74
: 4 ‘hmmhm:
3 . Determine Wear Metals by Atomic Absorption.
3 ’ Total acid number, ug KOH per gram sample. ’
, . : . )
3
g Remalin,
b Al - N.D. Ti -w.p.
< “ '
¥ Fe - 0.4 Cu -0.1
; : si - W.D. Mg - N.D.
1 Cr - 0.1 Sn - N.D.
' Ni - w.p. Pb - n.p.
Ag - 0.04

Specific gravity @ 75°F « 0.971

5 Dic Sl Taken _ERow EnGine 828-C o <
; 4-1$-80 Tortolinbé CoD TAY WAAS ot TEST -///.
R EnoaNT HOT Tilk OM Twve SAMWE; SHR 44 WM, vo= T
. . SIS A
R X
i —r— . - - - é
: Hemurs; * N.D. - Not Detected. &
‘ u Results expressed in ppm. . g
Phoned in 4/16/80 Time 1055 hrs. To  Mitchell . ?
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IWECHNICAL SUPPORT DEPARTMENT Sve pi:.l‘o._lu
CHEMICAL & METALLURGICAL BRANCH rdrw

SEM ENERGY DISPERSIVE X-RAY AND SPECTROGRAPHIC ANALYSIS REPORT

0043-147 Date In 4/16/80
: Plno.;!:m 221090 Date Out 575780
Submitted By W. C. Gobbell, FTF/TT Work Authurization . _E411-18C
i
. ([ sem . [x] sPecThoGRAPH

1o Descrintion 236998 (7808G) oil TS -~ Cold Day Mission - Container #828-119

¢  Method of Analysis with 8 Statement of Accuracy:
© Quantitative Semi-Q ftative + 10-302 Qualjitative

Results

o 0.08

Cu 0.06
Fe 0.6

Mg 0.02

0.2

Mn_
Mo

Ns
NI 0.08
i

Pb

]

81
—Sa

byl

0.02

- |
R )

7. X
A

Remarks: Results expressed as ppm.

ci

1 = Micrograms/Gram $ = ZAF — SEM Analysis
2 = Percentage - 6 — ML — SEM Analysis o
3 = ND = Not Detected D. W. Baker

4 = LLD - Lower Limit of Detectibility —
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TECHNICAL SUPPORT DEPARTMENT

- LABORATORY SECTION REPORT

W. C. Gobbell, ETF/TT

CMEP 95-4120
Report No. 79-106-39

0043-156

el by Report No.

tateriul Sutetied :;:-fzf ;:;% 12301 » Post Run E:E%E_:ﬁimbnw Completed 4/17/80 _4/28/80
é:ﬁ:::zs.uz_‘!lﬁ_/_‘%amn:ﬁ:cf = Work Auth, E4l1-18C .
I 4/17/80 pate Out 5/5/80

> Herman Ivy, Jr. & P. S. Byrom

itene-t o
Determine Wear Metals by Atomic Absorption.

enultn,

Al - N.D. Ti -y.p.
' Fe - 0.2 Cu -n.D.

Si - w.D. Mg -nN.D.

Cr - N.0. Sa - N.D.

Ni - N.D. ’ Pb -0.1

Ag - N.D.

Specific gravity @ 75°F = 0.971

O\ SAMAE TAKKW TRowA Engne 828-6 on
£-16-80 Fotow i A _TES5T- OLD DAY WISSION CALRRATon,
EnGiNE HOT TInAg OR TMIS SAMAE ] 26 ML

, . e e - —

murhn: .

N.D. - Not Detected.
Results expressed in ppm.

Phoned in 4/18/80 Time 1455 To

Mitchell

G-8

Ni
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* TECHMICAL SUPPORT DEPARTMENT Bvardrup t‘.‘o._:
CHEMICAL & METALLURGICAL BRANCH

SEM ENERGY DISPERSIVE X-RAY AND SPECTROGRAPHIC ANALYSIS REPORT'

)

Sample No. 0043-156 pate 1n 4/17/80

Plate No. 03166 Date Out 5/5/80
Submitted By W. C. Gobbell, ETF/TT Work Authon zation . E41T-18C

q {3 sew - ] seeerhocnaen

Sample Description 23699 oil TS Post Mission Calibration. Container #828-122

i Method of Analysis with a Statement of Accuracy:

S SN
(3
- e e 7t AV~ st gy 3 % 1o

Quantitative Semi-Quantitative __* 10-307 10-302 — Qualitative
Sample Sample Sample Sample Sample Sample Sample
¥ Results No. No. No. No. No. No. No.
_Ag 0.03
Al 0.05
B
s -Ba
k -Be L
& -AL
ki Ca_
)« (%] )
| Cd
] < i
3 |
Ct .03
1 [o]'] .03
Fg 0.3
K -
Mg
Mo
Mo
. N&
¥ N1 U.03
; P
P
-
st U0
—Sa =
e ] = 1
3 -2 r
~| Ph -
B {
A SEELN 3
R T R
i Remarks: Results_expressed as ppm II et \
- AN
r4 \ ?.A_.: - N /
3 -
3 1 — Micrograma/ Gram 5 = ZAF - SEM Analysis - —— :
i 2 = Percentage - 8 — ML = SEM Anulysis Qo
s J = ND - Not Detected
[ 4 ~ LD - Lower Limit of Detectiniity D. W. Baker —
W ¥
% {

G-9/G-10 Blank




